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Chapter 1 
ABOUT THIS MANUAL 


This chapter gives an overview of the contents of this manual, including the intended audience, 
manual organization, and terminology and conventions. In addition, it provides a list of other 
references that you might find helpful. 


1.1 AUDIENCE DEFINITION 


The Quantum Grand Prix™ XP34301/XP32151S (Small Computer System Interface) product 
manual is intended for several audiences, including the original equipment manufacturer 
(OEM), distributor, installer, and end user. 


1.2 MANUAL ORGANIZATION 


This manual provides you with information about installation, principles of operation, and 
interface command implementation. It is organized into the following chapters: 


¢ Chapter 1—About This Manual 

¢ Chapter 2—General Description 

¢ Chapter 3—Installation 

¢ Chapter 4—Specifications 

¢ Chapter 5—Basic Principles of Operation 


¢ Chapter 6—SCSI Description 
In addition, this manual contains a glossary of terms and an index to help you locate important 


information. 
1.3 TERMINOLOGY AND CONVENTIONS 
The abbreviations listed below are used in this manual. 
bpi Bits per inch 
dB Decibels 
fci Flux changes per inch 
Hz Hertz 
KB Kilobytes 
Isb Least-significant bit 
M Meters 
mA Milliamperes 
MB Megabytes 


Mbit/s § Megabits per second 
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MB/s Megabytes per second 
MHz Megahertz 


ms Milliseconds 

msb Most-significant bit 
mv Millivolts 

ns Nanoseconds 

tpi Tracks per inch 

Ls Microseconds 

V Volts 


The following conventions are used in this manual: 


¢ Computer Voice 
Computer voice refers to items you type at the computer keyboard. These items are 
listed in all capitals in courier font. For example: 


FORMAT C:/S 


¢ Commands and Messages 
Firmware commands and messages sent from the drive to the host are listed in all 
capitals. For example: 


WRITE LONG 
ILLEGAL COMMAND 


e Parameters 


Parameters are given as initial capitals when spelled out and as all capitals when 
abbreviated. For example: 


Prefetch Enable 
Cache Enable 
PE 

CE 


e Names of Bits and Registers 
Bit names and register names are presented in initial capitals. For example: 
Host Software Reset 
Alternate Status Register 


¢ Hexadecimal Notation 
Hexadecimal notation is shown by a lowercase “h.” For example: 


30h. 
¢ Signal Negation 


A signal name that is defined as active low is listed with a minus sign following the 
signal. For example: | 


RD— 


¢ Host | 
In general, the system in which the drive resides is referred to as the host. 


1.4 REFERENCE 


For additional information about the SCSI interface, refer to the ANSI Small Computer System 
Interface-2 (SCSI-2) Specification, ANSI X3T9.2/86-109, Revision 10h, October 17, 1991. 
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Chapter 2 
GENERAL DESCRIPTION 


This chapter summarizes general functions and key features of the Grand Prix XP34301/XP32151S 
hard disk drive, as well as the standards and regulations it meets. 


2.1 PRODUCT OVERVIEW 


Quantum’s Grand Prix XP34301/XP32451S hard disk drives are part of a family of high- 
performance, 1.6-inch-high hard disk drives manufactured to meet the highest product quality 
standards. Grand Prix hard disk drives use nonremovable, 3.5-inch hard disks. 


Grand Prix XP34301/XP32151S hard disk drives feature an embedded Small Computer System 
Interface (SCSI) drive controller and use SCSI commands. The drive manages media defects and error 
recovery internally, so these operations are transparent to the user. 


2.2 KEY FEATURES 


Grand Prix XP34301/XP32151S hard disk drives include the following key features: 


Formatted storage capacities of 2.14 or 4.28 GB 

Industry-standard, 3.5-inch form factor 

Standard 1.6-inch height 

SCSI-2/SCSI-3 Compliance 

Embedded Fast SCSI controller 

Wide SCSI (optional) 

Embedded servo design 

PRML technology 

Optimized Reordering Command Algorithm (ORCA” ) for minimizing the 


combined total of seek time and rotational latency 
Burst rates of 10.0 and 20.0 MB/s 

Average seek time of 8.6 ms (read) 

Average rotational latency of 4.167 ms 


Proprietary 512K “look ahead” DisCache® with continuous prefetch and 
WriteCache™ write-buffering capabilities 


160-bit, interleaved Reed-Solomon Error Correcting Code (ECC), with additional 
16-bit cross-checking and triple-burst correction for bursts up to 72 bits in length 


800,000 hour Mean Time Between Failure (MTBF) 
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¢ Automatic retry on read errors 

¢ Transparent media-defect mapping 

¢ ECC on-the-fly 

¢ Reassignment of defective sectors discovered in the field, without reformatting 
¢ High-performance, in-line defective sector skipping 

¢ Patented AIRLOCK® automatic shipping lock and dedicated landing zone 

¢ 1:1 interleave on read/write operations 

e 255 Command Queue Depth 


2.3 STANDARDS AND REGULATIONS 


Grand Prix XP34301/XP32151S hard disk drives satisfy the following standards and regulations: 
¢ Federal Communications Commission (FCC): FCC Rules for Radiated and 
Conducted Emissions, Part 15, Sub Part J, for Class B Equipment. 


¢ Underwriters Laboratory (UL): Standard 1950. Information technology 
equipment including business equipment. 

* Canadian Standards Association (CSA): Standard C22.2 No. 950-M89. 
Information technology equipment including business equipment. 


e European Standards — Verband Deutscher Electroechnier (VDE) and Technisher 
Uberwachungs Verein (TUV): Standard EN 60 950. Information technology 
equipment including electrical business equipment and IEC950. 


2.4 HARDWARE REQUIREMENTS 


Grand Prix XP34301/XP32151S hard disk drives are compatible with host computers and 
controllers that provide a SCSI, SCSI-2 or SCSI-3 interface. 
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Chapter 3 
INSTALLATION 


This chapter explains how to unpack, configure, mount, and connect the Grand Prix XP34301/ 
XP32151S hard disk drive prior to operation. It also explains how to start up and operate the drive. 


3.1 SPACE REQUIREMENTS 


Figure 3-1 shows the external dimensions of the drive. 


41.3 mm 


101.6 mm 


— 4.00 in. 
a: 


Figure 3-1 Mechanical Dimensions 
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3.2 UNPACKING INSTRUCTIONS 


1. Open the shipping container. 
2. Remove the upper protective packaging pad. 


Figure 3-2 shows the packaging for the Grand Prix XP34301/XP32151S hard disk 
drive in a 1-pack shipping container. (A 12-pack shipping container is available for 
multiple drive shipments and has a similar type of protective packaging.) 


3. Remove the drive from the box. 


CAUTION: During shipment and handling, the antistatic 
electrostatic discharge (ESD) bag prevents 
electronic component damage due to elec- 
trostatic discharge. Remove the drive from 


the ESD bag only when you are ready to in- 
stall it. To avoid accidental damage to the 
drive, do not use a sharp instrument to open 
the ESD bag. 


4, Save the packing materials for possible future use. 


Grand Prix 
Hard Disk 
Drive 


Figure 3-2 Packing Assembly 
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3.3 JUMPER SETTINGS 


The configuration of a Grand Prix XP34301/XP32151S hard disk drive depends on the host 
system into which it is to be installed. This section describes the hardware options that you must 
take into account prior to installation. Figure 3-3 shows the printed circuit board assembly 
(PCBA), indicating the jumpers that control some of these options. 


Pin 
4 L 
DC Power 2 a 
Connector (U3) ~ ‘|3 
4 — Alternate Address 
Pin Connector (J13) 
Back ; 
of 
eae Front 
Drive 
SCSI-Bus 
Interface Header 
(J1) © BEELEREESH GH BSceeeee ES © 
rN 
ee ee These jumper positions 
5k eae oe ee 


| are for factory use only. 


> > mnwuw « 
wus a von m External 
Termination 


Power Option 


Figure 3-3 Jumper Pin and Terminator Locations on the Drive PCBA 


On the Drive’s PCBA, there are several pairs of jumper pins, usually called jumpers, that control 
the drive’s operation. (In addition, numerous options controlled by SCSI commands affect the 

operation of the drive.) Two of these jumpers, SS and PF, are reserved for factory use. However, 
you might need to change some of the other jumpers to configure the drive properly. These user- 
configurable jumpers include: 


¢ TE—Termination Enable Jumper 

¢ EP—Enable Parity Jumper 

¢ WS—Wait/Spin Jumper 

¢ A2, Al, AO—SCSI-Bus Identification Jumpers 
¢ DS—Delay Spin 


When you change any jumper setting, the new setting is in effect the next time the drive is 
powered on Table 3-1 shows the default and optional settings for the drive. 
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Table 3-1 Jumper Settings 
JUMPER | SETTING ss DESCRIPTION | | 
TE OFF Termination disabled 
ON* Termination enabled 
OFF Parity checking disabled 
ON* Parity checking enabled 
WS OFF Wait/spin disabled 
ON* Wait/spin enabled 
A2. Ai. AO These jumpers are used in combination to determine 
Ce the drive’s SCSI ID (See Table 3-2). 
Ds OFF* Delay spin disabled 
ON Delay spin enabled 
J2 ON External SCSI terminator power supplied by the drive 
3&4 OFF* External SCSI terminator power supplied by the host 


Note: An asterisk (*) indicates the default settings. _ 
ON indicates a jumper is installed. 
OFF indicates that no jumper is installed. 


3.3.1 Termination Enable (TE) Jumper 


One of the requirements of the SCSI bus is proper termination. If more than one SCSI device is 
connected to the host, only the last one must be terminated. The Termination Enable (TE) 
jumper, when installed, enables an active termination circuit, thereby terminating the SCSI bus. 
With the TE jumper removed, bus termination is disabled. 


At the factory, Quantum configures the Grand Prix XP34301/XP32151S hard disk drive with 
termination enabled; that is, with a jumper installed across the pins labeled TE. To disable 
termination, remove the jumper from the TE pins. 


Note: There are no Terminator Resistor packsto remove on Grand Prix products. 


3.3.2 Enable Parity (EP) Jumper 


The Enable Parity (EP) jumper controls parity checking of data across the SCSI bus. With parity 
checking enabled, the drive performs parity checking. With parity checking disabled, the drive 
continues to generate parity information, but does not perform parity checking. 


At the factory, Quantum configures the Grand Prix XP34301/XP32151S hard disk drive with 
parity checking enabled; that is, with a jumper installed across the pins labeled EP. To disable 
parity checking, remove the jumper from the EP pins. 


3.3.3 Delay Spin Jumper 


With the Delay Spin (DS) jumper disabled, the drive will start power up sequence immediately 
when power is applied. With the DS jumper enabled, the drive will pause 8 seconds times device 
ILD. | 
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3.3.4 Wait/Spin (WS) Jumper 


With the Wait/Spin (WS) jumper disabled, at power on or reset, the drive motor starts to spin 
automatically, and the drive prepares itself to perform read or write operations without the need 
for a start command. At a power on or reset, with the Wait/Spin jumper enabled, the host must 
send a START/STOP UNIT command to activate the drive motor for read or write operations. 
In addition, with the WS jumper enabled, the drive performs power sequencing to prevent an 
overload of the host's power supply due to simultaneous, peak start-up current demands from 


multiple devices. 


At the factory, Quantum configures the Grand Prix XP34301/XP32151S hard disk drive with 
the WS jumper disabled; that is, without a jumper installed across the pins labeled WS. To enable 
the WS jumper, install a jumper across the WS pins. 


3.3.5 SCSI-Bus Device Identification (A2, A1, and AO) Jumpers 
Used in combination, the jumper settings across pins A2, Al, and AO determine the 
Grand Prix XP34301/XP32151S hard disk drive's SCSI-bus device identification (SCSI ID). By 
default, Quantum configures the drive with a SCSI ID of 6; that is, with jumpers installed across 
the pins labeled A2 and Al, and no jumper installed across the pins labeled AO. 
To assign a different SCSI ID, change the jumper settings as shown in Table 3-2. 
Table 3-2 Jumper Settings for SCSI ID 


JUMPER SETTINGS 


Note: An asterisk (*) indicates the default setting. 


The SCSI bus supports up to eight devices, including the host system. A device's identification 
number determines its priority and must be unique in the system. 
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3.4 MOUNTING 


Drive mounting, orientation, clearance, and ventilation requirements are described in the 
subsections that follow. For mounting, #6-32 Standard UNC screws are recommended. To avoid 
stripping the mounting-hole threads, the maximum torque applied to the screws must not exceed 
8 inch-pounds. 


3.4.1 Orientation 
The mounting holes on the Grand Prix XP34301/XP32151S hard disk drive allow the drive to 


be mounted in any orientation. Figure 3-4 shows the location of the three mounting holes on 


each side of the Grand Prix XP34301/XP32151S hard disk drive. 


146.05 
+0.6 


6.40 +0.2 


Figure 3-4 Mounting Dimensions (in millimeters) 
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2.6 mm (.10 inch) 


maximum 4.3 mm (.17 inch) 


Drive maximum 
Mounting 


Screw 


Printed 
Circuit 
Board 


Circuit 
Board 


Head/Disk 
Assembly 


Figure 3-5 Mounting Screw Clearance 


CAUTION: Use of mounting screws longer than the maximum 
lengths specified in Figure 3-5, voids the warranty on 
the Grand Prix XP34301/XP32151S disk drives. 


Clearance 


The PCBA is very close to the mounting holes. Clearance from the drive to any other surface— 
except mounting surfaces—must be 2.6 millimeters (0.10 inches) minimum. Figure 3-5 specifies 
the clearance between the screws in the mounting holes and the PCBA. Do not use mountin 
screws longer than the maximum lengths shown. The specified screw length allows full use of the 
mounting-hole threads, while avoiding damaging or placing unwanted stress on the PCBA. 


Grand Prix XP34301/XP32151S 3-7 


Installation 


3.4.3 


Ventilation 


The rack, cabinet, or drawer environment for the Grand Prix XP34301/XP32151S hard disk 
drive must provide cooling of the electronics and head and disk assembly (HDA). It is 
recommended that the drive be oriented or air flow be directed so that the least amount of airflow 
resistance is created while providing air flow to the electronics and HDA. Also, the shortest 
‘sina path between the air inlet and exit should be chosen to minimize the travel length of air 

eated by the drive and other heat sources within the rack, cabinet, or drawer environment. 
Possible air flow patterns are shown in Figure 3-6. The air flow patterns are created by one or 
more fans, either forcing or drawing air as shown in the illustration. 


Airflow velocity of approximately 0.6 m/s over the HDA is recommended. 


Above unit 
- WwW 


” 


Under unit 


Note: Airflow in the direction shown (back to front) 
or in reverse direction (front to back) 


Above unit ~~, 


Note: Airflow in the direction shown Come 
or in reverse direction (side to side) Under unit eee 


Figure 3-6 Airflow Patterns 
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The MTBF of the drive is specified at an ambient operating condition of 24°C, with amor 
airflow over the drive to maintain the temperature of the critical components from exceeding 
their maximum specified value. 


For temperature measurements, it is recommended that the drive be mounted in the actual 

system as close to its final operating condition as possible, and exercised with random read/write 
operation for a minimum of four hours. The locations at which the temperature measurements 
must be made is shown in Figure 3-7, and the maximum temperature allowed for each location 


is given in Table 3-3. 


Connector 
End 


Figure 3-7 Temperature Measurement Locations 


Table 3-3) Maximum Temperature Allowed 


MAXIMUM TEMPERATURE 
LOCATION DESCRIPTION ALLOWED (° | ALLOWED(‘C)— 


a a 0 
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3.5 CABLE CONNECTORS 


The combination power/interface connector (J1) for the Grand Prix XP34301/XP32151S is 
mounted on the back edge of the PCBA, as shown in Figure 3-8. 


50-Pin SCSI-Bus 4-Pin DC 
Interface Connector (J2) Pin 1 Power Connector (J3) 


Figure 3-8 Cable Connectors 


3-10 Grand Prix XP34301/XP32151S 


Installation 


3.5.1 50-Pin SCSI Connector 


The SCSI cable connector on the Grand Prix XP34301/XP32151S hard disk drive is a 50-pin 
universal header. A key slot on the header Lanta the incorrect installation of the header 
connector on the SCSI cable. To pear e header connector on the SCSI cable from being 
plugged in backwards, use only a keyed header connector. 

The recommended header connector and strain relief for the SCSI connector include: 


¢ 50-pin connector (base part) AMP P/N 1-746195-2 or equivalent 
¢ 50-pin connector strain relief AMP P/N 499508-2 or equivalent 


3.5.2 DC Power Connector (J3) 


The drive’s DC power connector (J3) is mounted on the back edge of the PCBA (see Figure 
3-3). The recommended mating connectors and pins for the DC power connector include: 


¢ 4-pin connector housing (P3) AMP P/N 1-480424-0 or equivalent 
¢ Loose-piece contacts AMP P/N VS 60619-4 or equivalent (20-14 ga.) 
¢ Strip contacts AMP P/N VS 61117-4 or equivalent (20-14 ga.) 


Table 3-4 shows the power line designations for the pins on the DC power connector (J3). 


Table 3-4 /3 Pin Assignments 


PIN 
NUMBER POWER LINE DESIGNATION 


2 +12V Return 
(Ground) 

3 +5V Return 
(Ground) 


Note: Labels indicate the pin numbers on the 
connector. Pins 2 and 3 (ground returns) 
are connected on the drive PCBA. 
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3.5.3 Alternate Address Connector (J13) 


_ The drive’s Alternate Address Connector (J13) is mounted on the back edge of the PCBA. 


When external SCSI ID addressing is used, all jumpers installed across the pins labeled A2, Al, 
and AO at J9 (refer to Table 3-2, Jumper Settings for SCSI ID on page 3-5) must be removed. 


Table 3-5 shows the power line designations for the pins on the Alternate Address Connector 


(J13). 


Pin 2 Pin 12 


Pin 1 Pin 11 


Figure 3-9 /13 Pin Locations 


Table 3-5 Alternate Address Connector Pin Assignments 


PIN 
NUMBER SIGNAL NAME 


a LED/CATHODE 


3-12 Grand Prix XP34301/XP32151S 


Installation — 


Table 3-6 50-Pin Connector Pinout 


ee 
a 
a 
a 1 
a 
a 
Tero 
ee 
a 
a 
a 
a 
a 
a 
ee 
[2 ferow [7 aroun 
ae 
a 
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3.5.4 


68-Pin Wide SCSI Connector and 12-Pin Auxiliary Connector (J1) 
The recommended header connector for the 68-pin SCSI connector include: 


¢ Connector AMP P/N 786090-7 or equivalent 


68-Pin SCSI-Bus 12-Pin Auxiliary 4-Pin DC 
interface Connector (J1) Connector Power COnnector (J3) 


Pin 1 Pin 1 


BoM) PR see see OR yee 6 
9 See eee 
CMR RR | eS Me Say | eR 
By RS fod SANE ER, 
CRAPS a 
hase comb pbeiieree 
Ry y iter atin 
RS Ra 


% a 


Pin 68 Pin 12 Pin 2 


Figure 3-10 638-Pin Wide SCSI Connector and 12-Pin Auxiliary Connector (]1) 
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Mesilla NAME CONTACT NAME 
poeta) | oat) 
ai | as oe a 
SS 1 
ei 
| 


8 [round if round 
Se _ Sae C 
LT 
Se 
ea 
SL 
a 
a 
am 
Se 
6 [oesens [60 [oesens 
7 rewewe | s1__[ Teneo 
18 Tenvewn || s2__| TeRMPWR 
(19 [ RESERVED [68 __| RESERVED 
Pn 
at [enouno [55 [eR oun 
Se 
Se 
Sc 
afoot 
eo ee 
LC 
(20 [enouno—|[__6__[ @Roun> 
fee | = [ae 
a 
SS 
a 
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When external SCSI ID addressing is used, all jumpers installed across the pins labeled A3, A2, 
Al, and AO at J9 (refer to Table 3-2 Jumper Settings for SCSI ID on page 3-5) must be removed. 
To install and operate LED, the +5V (Anode) must be supplies by the host on pin-11. 


Table 3-8 12-Pin Auxiliary Pinout 


a ee ee ee 
a ee ee 
a ee ee eee 
a ee ae 
— SPINSYNC 

ae a LEDOUT cn 
a ae GROUND 


Note: The asterisk (ir indicates that pin 9 is used for enabling drive termination 
on single-ended wide drives. 


3.5.5 DC Power Connector (J3) 


The drive’s DC power connector (J3) is mounted on the back edge of the PCB. The 
recommended mating connectors and pins for the DC power connector include: 


¢ 4-pin connector housing (P3)AMP P/N 1-480424-0 or equivalent 
¢ Loose-piece contacts AMP P/N VS 60619-4 or equivalent (20-14 ga.) 
¢ Strip contacts AMP P/N VS 61117-4 or equivalent (20-14 ga.) 


3-16 Grand Prix XP34301/XP32151S 


Installation 


Table 3-9 shows the power line designations for the pins on the DC power connector (J3). 


Table 3-9 /3 Pin Assignments 


PIN 
NUMBER POWER LINE DESIGNATION 


a 
2 +12V Return 
(Ground) 
3 +5V Return 
(Ground) 
VDC 


Note: Labels indicate the pin numbers on the con- 


nector. Pins 2 and 3 (ground returns) are 
connected on the drive PCBA. 


3.5.6 80-Pin Single Connector Attachment (SCA) SCSI Connector (J1) 


The recommended header connector for the 80-pin SCSI connector include: 


¢ Connector AMP P/N 2-557101-1 Right Angle (PCBA) 
or 
AMP P/N 2-557103-1 Straight (PCBA) 
Pin2 Pin1 


PILI XOOPS 2 Bane epipoperpoonone 3 es 2000 > en pete > ee o> : 22 2O0D>. 


> 
i 
RS 


Figure 3-11 80-Pin Single Connector Attachment SCSI Connector 
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Table 3-10 80-Pin Single Connector Attachment Pinout 


CONNECTOR CONNECTOR 
ERE [sone [SP | sone 
Tr —SCOTSté<‘ VO:~)~™~C™~™C«@dY:CSC<«;*‘édT ~~ «SY TA VORGROUND | ot ( ) | T2 volwKGHOUND | Nip 
3 vai ——] a —rvrcrcon— 
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[5 ResevedNC__[[__48_[ RESERVEDING 
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7 ey ROUND 
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cr SE [___55___ | GROUND 
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23 [08 ) [83 __[ GROUND 
2B) [4 __[ GROUND 
5) [68 ___| GROUND 
[26 | 0B) [88 [GROUND 
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ee Ga) [88 ___[ GROUND 
ee IC [70 aROUND 

31 DB (14) |.71 | GROUND 
[08 03) [72 — aroun 
eC [___73___[ GROUND 
Sc 
35 | Svot fv GROUND 
35 — et —— | 3 — svar ar otno 
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[38 RMT START [78 __| DLYD START 
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Chapter 4 
SPECIFICATIONS 


This chapter gives a detailed description of the physical, electrical, environmental characteristics, and 
performance of the Grand Prix XP34301/XP32151S hard disk drive when mounted in accordance 
with industry standards. 


SPECIFICATION SUMMARY 


Table 4-1 Specifications 


| VALUE 


[Spare sectors perayjinder——SCS~=~“*~srCSC‘“‘CQ*CNSC*dGSOSC‘NO 
Disks SCSC~“—SCSC—CSCSC—‘iS Cd 
PAML 8 (04a 


FORMATTED CAPACITY 


At the factory, the Grand Prix XP34301/XP32151S receives a low-level format that creates the actual 
tracks and sectors on the drive. Table 4-1 shows the capacity resulting from this process. Formatting 
done at the user level for operation with DOS, UNIX, or other operating systems results in less 
capacity than the formatted capacity shown in the table. 
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4.3 DATA TRANSFER RATES 


Data is transferred from the read buffer to the SCSI bus at a rate of up to 5.0 MB/s in the 
asynchronous mode and 10.0 MB/s in the synchronous mode (20.0 MB/s for Wide SCSI). 


4.4 TIMING SPECIFICATIONS 


Table 4-2 lists the timing specifications of the Grand Prix XP34301/XP32151S hard disk drive. 
Table 4-2 Timing Specifications 


Typical 
Nominal® 


Seek Times 

Single Track Seek 

Random Average Seek 
Random Average Seek (Write) 
1/3 Stroke Seek?” 

Full Stroke Seek? 

Sequential Head-Switch Time* 


Average Rotational Latency 4.167 ms 
SCSI Hard Reset Time> | 20.0ms 
Power On° to Drive Ready’ 


Notes: 1 Seek time is defined as the time required for the actuator to seek to a new position 
and settle on track. It is measured by averaging the execution time of a minimum 
of 1000 operations of the indicated type as shown in this table. The seek times 
include head settling time, but do not include: command overhead time, time 
spent reading or writing data, or rotational latency delays. Unless otherwise spec- 
ified, read/seek command settling criteria is assumed. 


2 1/3 Stroke seek is defined as any seek of the length: maximum cylinder/3. 1/3 
Stroke seek may include one head switch. | 


3 Full Stroke seek is defined as a seek: Cylinder 0 to maximum cylinder, or vice 
versa. Full stroke switch may include one head switch. 


4 Sequential Head Switch Time is the time required for the actuator to seek 
between sequential heads. 


5 SCSI “Hard” Reset Time is the time from Reset to Selection time. 


6 Power On is the time from when the supply voltages reach their operating speed 
until the drive is able to accept any command. 


7 Drive Ready occurs when the disks are spinning at the rated speed and the drive 
is able to accept and execute commands requiring disk access without further 
delay. 


8 Nominal case conditions are defined as follows: Ambient temperature (+25°C); 
Nominal voltages (5.00V, 12.00V) 
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4.5 POWER 


The Grand Prix XP34301/XP32151S hard disk drive operates from two supply voltages: 
¢ +12V+5% 
© +5Vt5% 


The allowable ripple and noise for each voltage is 200 mV peak-to-peak for the +12 Vdc supply 
(60 Hz— 100 MHz) and 100 mV peak-to-peak for the +5 Vdc supply (60 Hz - 100 MHz). 


4.5.1 Power Sequencing 


You can apply the power in any order or manner or you can short or open either the power or 
power-return line with no loss of data or damage to the disk drive. However, data might be lost 
in the sector being written at the time of power loss. The drive can withstand transient voltages 
of +10% to —100% from nominal while powering up or down. 


4.5.2 Power Reset Limits 


When powering up, the drive remains reset until both of the reset limits in Table 4-3 are 
exceeded. When powering down, the drive becomes reset when either supply voltage drops below 
the lower threshold. Hysteresis is 50 mV minimum. 


Table 4-3 Power Reset Limits 


DC VOLTAGE THRESHOLD 
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4.5.3 Power Requirements | 


Table 4-4 lists the voltages and corresponding current for the various modes of operation of the 
Grand Prix XP34301/XP32151S single-ended SCSI hard disk drives. 


Table 4-4 Typical Power and Current Consumption 


TYPICAL AVERAGE TYPICAL 


CURRENT AVERAGE 
MODE OF OPERATION (mA avg) POWER 
(WATTS) 


GRAND PRIX XP32151S 


Read/Write/Seek2 


Max. Seeking® ce 
Linehan 


GRAND PRIX XP34301S 


Startup 3800 peak 860 peak ae 
—— | 
ae ome se [x0 


Notes: 1 Idle motor occurs when the drive is not reading, writing, seeking or executing 
any commands. A portion of the R/W circuitry is powered down, the motor is 
up to speed, and the Drive Ready condition exists. The actuator resides on the 
last track accessed. 


2 Read/Write/Seek mode occurs when data is being read from or written to the 
disk. The head is assumed to be on-track. Implies no more than 30% of the time 
is spent in seeking. 


3 Max. Seeking occurs for continuous random seek operations with no controller 
delay. 


4 Read/Write ontrack occurs during 50% read operations and 50% write 
operations on a single physical track. 
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4.6 ACOUSTICS 


Table 4-5 specifies the acoustical characteristics of the Grand Prix XP34301/XP32151S hard disk 
drive. The specifications for “Idle” and “Operating” acoustical noise are measured per ISO 
Standard #7779, “Measurement of airborne noise emitted by computer and business 
equipment”. The drive is to be tested in a semi-anechoic, essentially in a free field condition, over 
a reflecting plane. The drive under test is to be suspended 0.25 meters above the chamber floor 
using strings. All specifications are maximum limits in Sound Power levels. 


Table 4-5 Acoustical Characteristics (XP32151) 


MEASURED SOUND 
4.7 MECHANICAL CHARACTERISTICS 


Table 4-6 specifies the mechanical dimensions and weight of the Grand Prix XP34301/ 
XP32151S hard disk drive. 


Table 4-6 Mechanical Dimensions 


[ewemacrenenes| ws 


Weight 1.56 Ib (Grand Prix XP32151S) | 0.72 Kg (Grand Prix XP32151S) 
2.19 Ib (Grand Prix XP34301S) | 0.98 Kg (Grand Prix XP34301S) 
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4.8 ENVIRONMENTAL CONDITIONS — 


Table 4-7 summarizes the environmental specifications for the Grand Prix XP34301/XP32151S 
hard disk drive. | 


Table 4-7 Environmental Specifications 


(41° to 131°F) (-40° to 167°F) 


Notes: 1 No condensation. 


2 Altitude is relative to sea level. 


4.9 SHOCK AND VIBRATION 


The Grand Prix XP34301/XP32151S hard disk drive can withstand levels of shock and vibration 
applied to any of its three mutually perpendicular axes, or principal base axes, as specified in 
Table 4-8. A functioning drive can be subjected to specified operating levels of shock and 
vibration. When a drive has been subjected to s ecified nonoperating levels of shock and 
vibration, with power to the drive off there will be no change in Brioni at power on. 


When packed in either the 1-pack or 12-pack shipping container, Grand Prix XP34301/ 
XP32151S drives can withstand a drop from 30 inches onto a concrete surface on any of its 
surfaces, six edges, or three corners. 


Table 4-8 Shock and Vibration Specifications 


OPERATING | NONOPERATING 
Shock 


1/2 sine wave, 11 ms duration 10 Gs @ 11 ms 1/2 sine 60 Gs @ 11 ms 1/2 sine 


(10 hits maximum) 


Vibration 0.5 Gs  2.0Gs 
1.0 octave per minute sweep 5 - 300 Hz sine wave 8 - 300 Hz sine wave 
(zero-to-peak) (zero-to-peak) 


Notes: No unrecoverable errors allowed. 


4-6 Grand Prix XP34301/XP32151S 


Specifications 


4.10 RELIABILITY 


oe 4-9 summarizes the reliability measurements for the Grand Prix XP34301/XP32151S hard 
isk drive. 


Table 4-9 Reliability Measurements 


RELIABILITY FACTOR MEASUREMENT 
Mean Time Between Failures (MTBF) 800,000 Power On Hours (POH), typical usage 


Preventive Maintenance (PM) 
Required 
Start/Stop Cycles | Minimum 20,000 cycles 


Notes: The Quantum MTBF numbers represent an estimation based on field data, vendor 
data and Bell-Core MTBF predictions. 


4.11 DISK ERRORS 


Table 4-10 provides the error rates for the Grand Prix XP34301/XP32151S hard disk drive. 
Table 4-10 Error Rates 


ERROR TYPE le ee | NUMBER OF ERRORS 


Reallocated errors: 
Correctable read errors 10 errors per 10! bits read 
Uncorrectable read errors? 10 errors per 10!* bits read 


Seek errors 10 errors per 10® seeks 


Notes: 1 Recovered read errors are recovered by retry. The drive does not automatically 
reallocate the sectors. 


2 


2 Correctable read errors are errors that are not recovered by retries but are 
recovered by application of the triple-burst error correction algorithm. 


3 Uncorrectable read errors are errors that are not correctable using ECC or retries. 
The drive terminates retry reads either when a repeating error pattern occurs, or 
after eight unsuccessful retries and the application of double-burst error 
correction. 


4 Seek errors occur when the actuator fails to reach (or remain) over the requested 
cylinder or if the drive executes a recalibration routine to fine the requested 
cylinder (a full recalibration takes about seven seconds). 
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Chapter 5 
BASIC PRINCIPLES OF OPERATION 


This chapter explains the basic operation of the Grand Prix XP34301/XP32151S hard disk drive, 


which consists of various mechanical assemblies, drive electronics, and firmware features. 


5.1 DRIVE MECHANISM 


The Grand Prix XP34301/XP32151S hard disk drive conforms to the industry-standard, 
3 1/2-inch form factor. It consists of the head/disk assembly (HDA) and a printed circuit 
board assembly (PCBA). The HDA contains the mechanical subassemblies of the drive, 

which are sealed under a metal cover. The HDA consists of the following components: 


Base casting assembly 
Motor assembly 

Disk stack assembly 
Headstack assembly 
Rotary positioner assembly 
Automatic actuator lock 


Air filter 


The drive is assembled in a Class-100 clean room. 


CAUTION: 


These subassemblies are neither adjustable nor field- 
repairable. To ensure that the air in the HDA remains 

free of contamination, never remove or adjust its cover 
and seals. Tampering with the HDA voids this warranty. 


The Grand Prix 32151S HDA contains Smagnetic disks and 10 read/write heads. The Grand 
Prix 34301S HDA contains 10 magnetic disks and 20 read/write heads. Figure 5-1 shows an 
run view of the Grand Prix 32151S. The Grand Prix 34301S looks the same, except it has 
10 disks. 
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Figure 5-1 Grand Prix XP32151S Exploded View 
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5.1.1 


5.1.2 


5.1.3.1 


Base Casting Assembly 


A single-piece, aluminum-alloy base casting provides a mounting surface for the drive mechanism 
and PCBA. To ensure a contamination-free environment for the HDA, a gasket provides a seal 
between the base casting and the metal cover that encloses the drive mechanism. An E-coat seals 
the surface of the base casting to provide additional contamination protection. 


Motor Assembly 


Assembled to the base casting, the DC motor assembly consists ofa fixed-shaft DC spindle motor 
that drives the counterclockwise rotation of the disks (as viewed from the cover), the spindle/ 
bearing assembly, and disk mounting hub. A labyrinth seal prevents outside air and contaminants 
from entering the HDA at the bearing core or along the bearing shaft. 


Disk Stack Assemblies 


The disk stack assembly consists of 5 disks in the Grand Prix 32151S and 10 disks in the Grand 
Prix 34301S. Disks and disk spacers are secured on the hub of the DC motor assembly by a disk 
clamp. The aluminum-alloy disks have a sputtered thin-film magnetic coating. A carbon overcoat 
lubricates the disk surfaces, to prevent head and media wear due to head contact with the disk 
surfaces during head takeoff and landing. Head contact with the disk surfaces occurs only in the 
landing zone outside the data area, when the disks are not rotating at full speed. 


Table 5-1 summarizes the use of each disk surface. 


Track Formatting 


The Grand Prix XP34301/XP32151S hard disk drive is gia from the factory with all of the 
physical sector addresses prewritten on the surface of the disk. The drives can be configured in 
the field with sector sizes of 512, 516, 520, 532, 1024, and 2048 bytes (variable sector sizes). 


Each track on the disk surface can be visualized as a thin magnetic concentric ring that is divided 
into identical sectors. There can be from 68 to 118 sectors on a single track, depending on where 
the track is located. The tracks located toward the outer perimeter of the disk contain more 
sectors than those toward the inner perimeter. Each sector contains a set of predefined fields. 
These fields are grouped into two categories: ID and Data. The ID fields contain addressing 
information so at ai firmware can locate a sector of interest for reading or writing. The Data 
fields contain the data stored on the disk, most of which consists of user data files. Byte values 
and brief descriptions of the individual fields that comprise a sector are shown in Table 5-2. 
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Table 5-1 Cylinder Contents 


NUMBER OF NUMBER OF |  DATARATE 
(Mbits/s) 


SECTORS/ 


TRACKS TRACK 


Note: Zone 15 is the innermost zone, and zone 0 is the outermost zone. 


5-4 Grand Prix XP34301/XP32151S 


Basic Principles of Operation 


Table 5-2 Typical Disk Format 


FIELD NUMBER OF 
TYPE BYTES 
ID Address Mark 
1 SECTOR 


Data Sync 


Data Address Mark we 


a 


DATA 


ID Sync Field 


The read channel uses this pattern to achieve synchronization so that the drive can read the rest 
of the ID information correctly. 


ID Address Mark (Illegal Pattern) 


Contains a uniquely encoded pattern that the drive recognizes as the pattern just preceding the 
ID Data field. 


ID Data Field 


Contains 6 bytes that specify the exact address, or ID, of the sector, so that the disk controller 
can determine where and when to read or write data. 


ID Data Cyclic Redundancy Check (CRC) 


Contains CRC bytes that provide the firmware with information that allows the drive to detect 
an erroneous reading of the ID fields. 


ID Pad Bytes 


Contains 9 bytes to account for motor speed variations and time delays in the PRML data 
channel. 


Data Sync Field 


The read channel uses se eee to achieve synchronization so that the drive correctly reads the 
other Data fields (Data Address Mark, Data User Data Field, Data ECC) that follow. 
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5.1.5 


5.1.6 
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Data Address Mark (Illegal Pattern) 


Contains a uniquely encoded pattern that the drive recognizes as the pattern just preceding the 


Data User Data Field. 
Data User Data Field 


Contains a fixed number of data bytes in which the drive stores user data files. At customer 
sae the factory can configure the Grand Prix XP34301/XP32151S disk drives with a data 
field of 180, 256, 512, 520, or 1,024 bytes. 


Data Error Correction Code (ECC) 


Contains 20 ECC bytes that allows the drive to detect and correct an erroneous reading of the 
Data fields. 


Data Pad Bytes 


Contains 9 bytes to account for motor speed variations and time delays in the PRML data 
annel. 


an 


Headstack Assembly 


The headstack assembly consists of read/write heads, the actuator E-block assembly, and a flex 
circuit. The head arms and rotor coil counterbalance each other to place the center of the 
headstack mass at the headstack mounting hub. Miniature thin-film, perl 6 heads mounted 
to spring-steel flexures are swaged onto the head arms. The flex circuit exits the head/disk 
enclasare between the cover and the base. The flex circuit contains a Read Preamplifier/Write 
Driver integrated circuit (IC). 


Rotary Positioner Assembly 


In the Grand Prix XP34301/XP32151S hard disk drive, the rotary positioner, or rotary voice-coil 
actuator, is a Quantum-proprietary design that consists of upper and lower permanent magnet 
plates bolted to the base casting, a rotary single-phase coil, and a bearing shaft. The magnets 

_ consist of two alternating poles bonded to the magnet plates. Resilient crash stops mounted in 
the base prevent the heads from being driven into the spindle or off the disk surface. 


Current from the power amplifier induces a magnetic field in the voice coil. Fluctuations in the 
field around the permanent magnets cause the voice coil to move. The movement of the voice 
coil positions the heads over the requested cylinder. 


Automatic Actuator Lock 


To ensure data integrity and prevent damage during shipment, the Grand Prix XP34301/ 

XP32151S uses a dedicated landing zone and Quantum’s patented AIRLOCK®. The AIRLOCK 

holds the headstack in the landing zone whenever the disks are not rotating. It consists of an 

airvane mounted near the perimeter of the disk stack and a locking arm that restrains the actuator 
- arm assembly. 


When power is applied to the motor and the disk stack rotates, the rotation generates an airflow 
on the surface o fi disk. As the flow of air across the airvane increases with disk rotation, the 
locking arm pivots away from the actuator arm, enabling the headstack to move out of the 
landing zone. When power is removed from the motor, an electronic return mechanism 
automatically pulls the actuator into the landing zone, where the AIRLOCK holds it in place. 
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5.1.7 Air Filtration 


Grand Prix hard disk drives are Winchester-type drives. The heads fly very close to the media 
surface, at a nominal flying height of 3.0 microinches. Therefore, it is essential that the air 
circulating within the drive be kept free of particles. Quantum assembles the drive in a Class-100, 
purified-air environment, sealing the drive mechanism under a metal cover. When the drive is in 
use, the rotation of the disks forces the air inside the drive through an internal filter. Figure 5-2 
shows the airflow in a typical Quantum HDA. 


When the disks rotate, the lowest air pressure inside the HDA is above the center of the spindle. 
A 0.3-micron breather filter bonded to the cover near the spindle allows outside air to flow into 
the sealed HDA, equalizing internal and external pressures. 


The highest air pressure in the HDA is at the outer perimeter of the disks. A constant stream of 
air flows hee a 0.3-micron circulation filter bonded to the base casting. Because the air 
pressure at the side of the filter away from the perimeter of the disks is lower than that near the 
perimeter of the disks, air flows through the circulation filter in the direction of the disk rotation, 
providing a continuous flow of filtered air when the disks rotate. 


0.3-Micron 
Circulation 
Filter. 


Disk 
Rotation 


Figure 5-2 Air Filtration 


CAUTION: To ensure that the air in the HDA remains free of 
contamination, never remove or adjust its cover 


and seals. Tampering with the HDA will void your 
warranty. 
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Spindle Motor 


The Grand Prix XP34301/XP32151S disk drives spindle motor is a three-phase motor and is 
responsible for spinning the disks at a rotational speed of 7200 (40.1%). 


Back-EMF commutation technology (Hall-less design) is used to drive the motor. The spindle 
motor is Y-wound, with the center tap (neutral) brought out. The motor contains 12 poles and 
operates as a three-phase device. 


SCSI Interface IC 


Quantum's proprietary SCSI interface IC implements the SCSI interface. The drive's interface 
with the host system is through a 50-pin SCSI-bus cable. A microprocessor controls the SCSI 
interface IC through its control lines. The SCSI interface IC writes data to or reads data from the 

uffer RAM over ae data lines at a rate of 10 MB/s (20 MB/s for wide SCSI). This high data 
transfer rate allows the SCSI interface IC to communicate over the SCSI bus at an asynchronous 
rate of 5.0 MB/s and a synchronous rate of 10.0 MB/s (20 MB/s for wide SCSI) while it 
simultaneously controls disk-to-RAM transfers. The advanced SCSI interface IC was designed 
for target mode applications only and has a buffer memory interface consisting of 16 data bits 
and 1 parity bit. 


The SCSI interface IC automates many of the SCSI sequences described in the SCSI-2/SCSI-3 
specifications. With the SCSI interface IC, it is possible to respond to selection, arbitrate, reselect 
an initiator, send or receive messages, receive command bytes, send or receive data, and send 
status automatically. Under the proper conditions, the SCSI interface IC also can handle read and 
write commands from responding to SELECTION to COMMAND COMPLETE without 
microprocessor intervention. 


The SCSI interface IC was designed to reduce firmware overhead and increase programming 
flexibility for the SCSI interface firmware. To provide more firmware flexibility, the SCSI 
interface IC incorporates a Writable Control Store (WCS) to control general state machines. The 
WCS is also capable of performing jumps, interrupts and stops. | 


The state machines in the SCSI interface IC perform fixed SCSI sequences. The operations 
performed by the state machines are: message send and receive, command block receive, data 
send and receive, disconnect and command complete sequences. The WCS program decides the 
order of operation of these state machines. 


There is a single state machine that performs the “response to” selection, arbitration and 
reselection operations. This state machine is not controlled by the WCS program—it is instead 
controlled by bits of a single read/write register. 


After the SCSI interface IC has responded to selection and taken in messages and a command 
block, it places at fixed positions into the buffer RAM the initiator ID, messages, the command 
block, and a status byte. The status byte details what information has been stored in the buffer. 


FIRMWARE FEATURES 


The section describes the following firmware features: 
* Disk caching 
¢ Command queueing 
¢ Track and cylinder skewing 
¢ Error detection and correction 


¢ Defect management 
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5.2.1 Disk Caching 


The Grand Prix XP34301/XP32151S hard disk drive incorporates DisCache, a 512 KB disk 
cache, to enhance drive performance. 256 KB are allocated to the Read Cache and 128 KB are 
allocated to the WriteCache. This integrated feature can significantly improve system 
Stee Read and write caching can be enabled or disabled by using the Mode Select 
command. 


5.2.1.1 Read Cache 


DisCache anticipates host-system requests for data and stores that data for faster access. When 
the host requests a particular segment of data, the caching feature uses a prefetch strategy to 
“look-ahead” and automatically store the subsequent data from the disk into high-speed RAM. 
If the host subsequently requests this data, the RAM is accessed rather than the disk. 


Since typically 50 percent or more of all disk requests are sequential, there is a high probability 
that subsequent data requested will be in the cache. This cached data can be retrieved in 
microseconds rather than milliseconds. Asa result, DisCache can provide substantial time savings 
during at least half of all disk requests. In these instances, DisCache saves most of the disk 
transaction time by eliminating the seek and rotational latency delays that dominate the typical 
disk transaction. For example, in a 1K data transfer, these delays make up 90 percent of ie 
elapsed time. 


DisCache works by continuing to fill its cache memory with adjacent data after transferring data 
requested by the host. Unlike a non-caching controller, Quantum’s disk controller continues a 
read operation after the requested data has been transferred to the host system. This read 
operation terminates after a programmed amount of subsequent data has been read into the cache 
segment. 


The cache memory consists of a 256 KB DRAM buffer allocated to hold the data, which can be 
directly accessed by the host by means of the READ and WRITE commands. 


The following commands force emptying of the cache: 


¢ FORMAT UNIT 

* INQUIRY 

° MODE SELECT 

* MODE SENSE 

¢ READ CAPACITY 

* READ DEFECT DATA 
¢ READ LONG 

* REASSIGN BLOCKS 
° VERIFY 

° WRITE LONG 


5.2.1.2 Write Cache 


When a write command is executed with write caching enabled, the drive stores the data to be 
written in a 128 KB DRAM cache buffer and immediately sends a COMMAND COMPLETE 
message to the host before the data actually is written to the disk. The host is then free to move 
on to other tasks, such as preparing data for the next data transfer, without having to wait for the 
drive to seek to the appropriate track or rotate to the specified sector. 


Grand Prix XP34301/XP32151S 5-9 


Basic Principles of Operation 


5.2.1.3 


5.2.2 


5.2.2.1 


5.2.2.2 
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WriteCache allows data to be transferred in a continuous flow to the drive rather than as 
individual blocks of data separated by disk access delays. This is achieved by taking advantage of 
the ability to write blocks of data sequentially on a disk that is formatted with a 1:1 interleave. 
This means that as the last byte of data is transferred out of the WriteCache, and the head passes 
over the next sector of the disk, the first byte of the next block of data is ready to be transferred. 
Thus, there is no interruption or delay during sequential data transfers. 


The WriteCache algorithm writes data to the cache buffer while simultaneously transferring data 
to the disk that was previously written to the cache. 


Performance Benefits 


For both read and write operations, a cache scan is performed. On read operations, if the data is 
in the buffer, it is transferred from the cache to the host, eliminating the need for a disk access. 
On write operations, if the logical block address that is being written to is already in the cache, it 
is overwritten in the cache and then written to the disk at a later time. 


In a drive without DisCache, there is a delay during sequential reads because of rotational latency 
even if the disk actuator is already positioned at the desired cylinder. DisCache eliminates this 
rotational latency time (4.17 milliseconds on average) when requested data resides in the cache. 


Moreover, the disk must often service requests from multiple processes in a multitasking or 
multiuser environment. In these instances, while each process may request data sequentially, the 
disk drive must share time among all these processes. In most disk drives, the heads must move 
from one location to another. With DisCache, even if another process interrupts, the drive 
continues to access the data sequentially from its so sa aes memory. In handling multiple 
processes, DisCache achieves it most impressive performance gains, saving both seek and latency 
time (15.6 milliseconds on average) when desired data resides in the cache. 


Track and Cylinder Skewing 


Track and cylinder skewing in the Grand Prix XP34301/XP32151S disk drive minimizes latency 
time and, thus, increases data throughput. 


Track Skewing 


Track skewing reduces the latency time that results when the drive must switch read/write heads 
to access sequential data. A track skew is employed such that the next logical sector of data to be 
accessed will be under the read/write head once the head switch is made and the data is ready to 
be accessed. Thus, when sequential data is on the same cylinder but on a different disk surface, a 
head switch is needed, but not a seek. Since the sequential head-switch time is well defined on 
the Grand Prix XP34301/XP32151S hard disk drives (1.5 ms), the sector addresses can be 


optimally positioned across track boundaries to minimize the latency time during a head switch. 


Cylinder Skewing 


Cylinder skewing is also used to minimize the latency time associated with a single-cylinder seek. 
The next logical sector of data that crosses a cylinder boundary is positioned on the drive such 
that after a single-cylinder seek is performed, and when the drive is ready to continue accessing 
data, the sector to be accessed is positioned directly under the read/write head. Therefore, the 
cylinder skew takes place between the last sector of data on the last head of a cylinder and the first 
sector of data on the first head of the next cylinder. Since single-cylinder seeks are well defined 
on the Grand Prix XP34301/XP32151S disk drive (< 2 ms), the sector addresses can be optimally 
positioned across cylinder boundaries to minimize the latency time associated with a single- 
cylinder seek. 
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5.3 Error Detection and Correction 


An error occurs whenever the drive fails to read data correctly because the drive read data 
checksum is different than the recorded checksum. During a read operation an error can occur 
while a sector’s header or data is being read. During a write operation, an error can occur while 
reading a sector's header before the data is written. During a read or write operation, a sector 
header error cannot be corrected—only read data errors are corrected. 


5.3.1 Error Correction Code and ECC On-The-Fly 


The Grand Prix XP34301/XP32151S hard disk drive implements 144-bit single and double 
burst Reed-Solomon error correction techniques. Single burst errors of up to 24 bits within one 
sector can be corrected “on-the-fly,” in real time as they occur, allowing a high degree of data 
integrity with no impact to the drive’s performance. 


The drive does not need to re-read a sector on the next disk revolution or apply ECC for those 
errors that are corrected on-the-fly. Errors corrected in this manner are invisible to the host 
system. The drive will not report a recovered error unless it needs more than two disk revolutions 
in order to correct or recover any error. 


When errors cannot be corrected on-the-fly, an automatic retry and a more rigorous triple burst 
error correction algorithm enable the correction of any sector with three bursts of three incorrect 
bytes each or up to 9 multiple random one-byte burst errors. In addition to this error correction 
capability, the drive’s implementation of an additional cross-checking code and algorithm double 
checks the main ECC correction and greatly reduces the probability of miscorrection. 


In addition to other fields, each sector contains 512 bytes of data, 2 cross-check bytes, and 18 
ECC bytes. The two cross-check bytes follow the 512 bytes of data to double check the main 
ECC correction and reduce the probability of miscorrection. The cross-check bytes are followed 
by 18 ECC bytes. The cross-check and ECC bytes are computed and appended to the user data 
when the sector is first written. Figure 5-3 shows the format of part of a typical sector, and shows 
the location of the ECC and cross-check bytes. 


1 2 3 4 5 512 513 514 515 516 526 
Gad Kedah eal Rd il id all al li 
aera ee Ce crit aan eine <8 9 ENE <n | eee en eneS oe, 

512 data bytes 2 cross-check 18 ECC bytes 
bytes 


Figure 5-3 Sector Data Field with Cross-Check and ECC bytes 


Each byte within a sector, including the cross-check and ECC bytes, is interleaved into three 
groups, where the first byte is in interleave group 1, the second byte is in interleave group 2, the 
third in group 3, the fourth in group 1, the fifth in group 2, and so on. Four ECC bytes are 
computed for the data bytes in each interleave group. These 18 ECC bytes appear at the end of 
the sector. The 2 cross-check bytes are computed for the entire 512 data bytes, and appear 
between the 512 data bytes and the ECC bytes. This method of organizing the ECC and cross- 
check bytes, and the nature of the ECC formulas enable the drive to locate an error. Figure 5-4 
illustrates the interleaving concept. 
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Figure 5-4 Example of Byte Interleaving 


Since the ECC bytes follow the cross-check bytes, errors found within the cross-check bytes can 
be corrected. The power and sophistication of the error algorithm also provides for correction of 
errors within the ECC bytes. Errors in the cross-check or ECC bytes can be corrected on-the-fly 
if their characteristics fall into the guidelines of a single burst correctable error. 


Each time the drive reads a sector of data, it generates a new set of ECC and cross-check bytes 
based on the 512 bytes of data contained within the sector. The new set of cross-check and ECC 
bytes is compared with the corresponding bytes originally written in that particular sector. This 
comparison process results in bytes that are known as syndromes. There are 2 cross-check 

ay te and 18 ECC syndromes. If all of the syndrome values are zero, the data has been read 
with no errors, and the sector of data is transferred to the host. If any on the syndromes are non- 
zero, an error has occurred. The type of correction applied by the drive then depends on the 
nature and extent of the error. 


Correction of Single Burst Errors On-The-Fly 


Single-burst errors may have up to three erroneous bytes (24 bits) within a sector, provided that 
each byte of the three must occur in a different interleave. In other words, if the first error bit is 
in interleave 1, the last error bit must occur no later than interleave 3. If the first error bit falls in 
interleave 1, and the last error bit falls in the next interleave 1, the error is uncorrectable on-the- 
fly. In Figure 5-5, the 24-bit error is correctable, because it is spread across three distinct 
interleaves. The 18-bit error is uncorrectable on-the-fly because it falls across four interleaves: two 
interleave 1s, interleave 2, and interleave 3. 


Correctable 24-bit single burst error 


9-12 


1 bit 1 bit 


Figure 5-5 Single Burst Error Correctability 


Note: In Figure 5-5, the shaded portions represent data containing errors 


The 18-bit error can be corrected if the drive rereads the sector and applies double burst error 
correction techniques. Any 17-bit error can always be corrected on-the-fly because each byte is 
guaranteed to occupy different interleaves. 
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Correction of Double Burst Errors On-The-Fly 


The Grand Prix XP34301/XP32151S hard disk drive also has the capability to correct double 
burst errors, even though the likelihood of this type of error is very low. Double burst errors may 
be viewed as two spans of errors within a sector. More specifically, correctable double burst errors 
are characterized by error bytes that occur in two or fewer bytes in an interleave, and cannot be 
corrected on-the-fly. 


Error bursts up to 48 bits long can be corrected, provided that the error consists of two or fewer 
bytes residing in each of the interleaves. In Figure 5-6, the 42-bit error is uncorrectable, while the 
other two 48-bit errors are correctable. The reason the 42-bit error is uncorrectable is that 
occupies two interleave 2s, and two interleave 3s, but occupies three interleave 1s, whereas the 
limit is two bytes in each interleave. Any 41-bit error burst can be corrected using double burst 
error correction because no more than two bytes occupy each interleave. 


Correctable 48-bit double burst error 


Correctable 48-bit double burst error 


48 bits 


Uncorrectable 42-bit burst error 


3 40 bits 
1a | 2. 


Figure 5-6 Double Burst Error On-the-Fly Correctability 


Note: In Figure 5-6, the shaded portions represent data containing errors 


If the double burst correction is successful, the data from the sector can be written to a spare 
sector and the logical address will be mapped to the new physical location. 


Multiple Random Burst Errors 


The Grand Prix XP34301/XP32151S hard disk drive can correct up to 72 bits of multiple 
random errors provided the errored bytes follow the guidelines for correctable double burst 
errors; that is, if more than two bytes in any one interleave are in error, the sector cannot be 
corrected. Up to 42 bits of multiple random errors can be corrected on-the-fly if only one byte 
per interleave contains an error. Figure 5-7 shows an example of a correctable random burst error 
consisting of 6 bytes (48 bits). This random burst error is correctable on-the-fly because no more 
than two bytes within each interleave are in error. 
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Interleave 1. _Interleave 2 Interleave 3 


Figure 5-7 A Correctable Random Burst Error 


Note: In Figure 5-7, the shaded portions represent data containing errors 


Error Rates 


Due to the error-correction capabilities mentioned previously, the Grand Prix XP34301/ 
XP321 51S hard disk drive experiences an unrecoverable read error rate of less than one error in 
10‘ bits transferred. 


Error Recovery Control 
_ The MODE SELECT command, explained fully in Chapter 6, allows you to control the 


following error recovery parameters: 


e Automatic Write Reallocation—automatically reallocates blocks that have 
become unavailable for writing. 


e Automatic Read Reallocation—automatically reallocates bad sectors when two 


consecutive read retries result in the same bad ECC syndrome, indicating a hard 
error. 


* Read Continuous—disables error-recovery procedures, thus allowing data to be 
read at a higher rate from the drive. 


_ © Enable Early Correction—enables the ECC algorithm when the drive detects two 
consecutive non-zero syndromes, and no re-reads will occur before applying 
correction, unless the error is uncorrectable. 
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¢ Disable Correction - data is transferred without correction, even if correction is 
possible. ECC on-the-fly is not affected. 


¢ Number of Retries - specify the number of times the drive will re-read the data, in 
attempting to recover from data errors. 


ECC Error Handling 


When a data error occurs, the Grand Prix XP34301/XP32151S hard disk drive checks to see if 
the error is correctable on-the-fly. This process takes about 200 us. If the error is correctable on 
the fly, the error is corrected and the data is transferred to the host system. During this entire 
sais data continues to be read from the disk. Thus, if an error is recoverable on-the-fly, no 
oss of transfer rate is observed. 


If the data is not correctable on-the-fly, the sector is re-read up to 8 times in an attempt to read 

_ the data correctly without applying double burst ECC correction. Before invoking the complex 
double burst ECC algorithm, the tine will always try to recover from an error by attempting to 
re-read the data correctly. This strategy prevents invoking correction on soft errors. Each time a 
sector in error is re-read, a set of ECC syndromes is computed. If all of the syndrome values are 
0, the data was read with no errors, and the sector is transferred to the host system. If any of the 
syndromes are not 0, an error has occurred. The syndrome values are then retained, and another 
re-read is attempted. 


When the sets of syndromes from two consecutive reads compare, a “stable syndrome” has been 
achieved. This event can be significant depending on whether automatic read reallocation or early 
correction has been enabled. If early correction is enabled, and a stable syndrome has been 
achieved, double burst correction is applied. 


If the automatic read reallocation feature is enabled, the drive attempts up to 24 re-reads for 
double burst errors. In this case, the ECC correction algorithm is divided into three parts: 


1. When an error is encountered, the drive attempts to re-read the correct data 8 times, 
aborting the re-reads if the correct data was successfully read. On-the-fly correction 
may be applied. The drive always tries to re-read the correct data before applying 
double burst ECC correction and automatic sector reallocation. 


2. Ifthe first 8 re-reads are unsuccessful, the drive attempts to read the sector 8 more 
times. If the drive does not read the data correctly, it looks for a stable syndrome on 
two consecutive re-reads. If the drive finds a stable syndrome, it tries to correct the 
sector and automatically reallocates the data to a spare sector. If the sector is 
uncorrectable, the sector is re-read until the second set of 8 re-reads has been 
completed. 


3. If the second 8 re-reads are unsuccessful, the drive attempts to read the sector yet 8 
more times. If the drive finds a stable syndrome from two consecutive reads, it 
reallocates the data to a spare sector whether the data is ECC correctable or not. If at 
any time during this set of re-reads the drive discovers that the data is correctable, it 
corrects the error and reallocates the data to a spare sector. 


When all 24 re-reads have been completed, and the error is uncorrectable, the sector is marked 

as bad and the data is reallocated to a spare sector. When the Disable Early Correction bit is set 
to 1 for testing purposes, the drive attempts to re-read. Re-reads are disabled when the Number 
of Retries byte in the Configuration command is set to 0. The default setting for the number of 
retries is set at 8. 
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Defect Management 


The Grand Prix XP34301/XP32151S disk drives allocates four sectors per cylinder as spares. In 
the factory, the media is scanned for defects. If a sector on a cylinder is ci to be defective, the 
address of the sector is added to the drive’s defect list. Sectors located physically subsequent to 
the defective sector are assigned logical block addresses such that a sequential ordering of logical 
blocks results. This inline sparing technique is employed in an attempt to eliminate slow data 
transfer which would result from offline defect sparing. 


If more than four sectors are found defective on a cylinder, the inline sparing technique is applied 
only to the four sectors. The remaining defective sectors are replaced with the nearest available 
spare sectors on nearby cylinders. Such an assignment of additional replacement sectors from 
nearby sectors rather than having a central pool of spare sectors is an attempt to minimize the 
motion of the actuator and head which would be otherwise needed to find a replacement sector. 
The result is minimal reduction of data throughput. 


Defects that occur in the field are known as grown defects. Inline sparing is not performed on 
these grown defects. 


Sectors are considered to contain grown defects if the double burst ECC algorithm must be 
applied in order to recover the data. If this algorithm is successful, the corrected data is stored in 
he newly allocated sector. If the algorithm is not successful, the erroneous data is stored in the 
new sector, and a flag is set in the data ID field which causes the drive to report an ECC error 
each time the sector is read. This condition remains until the sector is rewritten. 
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SCSI DESCRIPTION 


6.1 GENERAL DESCRIPTION 


The Small Computer System Interface (SCSI) is an industry standard for connecting peripheral 
equipment to personal computers or workstations. Unlike many interface standards, SCS] is not 
intended for just one type of peripheral device. Instead, it uses a generic bus protocol and hardware 
interface, in conjunction with a flexible command protocol, to allow a wide variety of device types to 
communicate across the same bus. 


6.1.1 Bus Architecture 


From two to eight physical devices can be connected to the SCSI bus. A SCSI device can be either an 
initiator or a target. The SCSI bus can include any combination of initiators and targets, provided at 
least one initiator and one target are present. Certain functions are assigned to either an initiator or a 
target: 7 


e An‘initiator can arbitrate for the bus and select a target. 


¢ A target can request the transfer of command, data, status, or other information to or 
from the initiator, and in some cases a target can arbitrate for the bus and reselect an 
initiator to continue an I/O process. 


A target can support from one to eight physical or virtual devices called logical units. 
A device address consists of the SCSI ID of the target and the Logical Unit Number 
(LUN) of the device. A physical device that does not support additional logical units— 
such as the Grand Prix XP34301/XP32151S hard disk drive-comprises one logical 
unit. In this case, LUN is set to zero. 


From this point onward, the goal of this chapter will be to familiarize the reader with how SCSI 
pertains to the Grand Prix XP34301/XP32151S hard disk drive. In other words, SCSI will be 
analyzed and presented from the drive's perspective as a target. Later sections in this chapter are 
intended to familiarize the user with the Message Codes, Synchronous Data Transfer Protocol, 
Commands, and Status Bytes supported by the drive. 


6.1.2 Bus Transactions 


In SCSI, a bus transaction is defined by the protocol as an I/O process. An I/O process begins with 

the establishment of a logical link called a nexus, which defines the logical path between an initiator 

and the drive. An I/O process ends with the return of the bus to the BUS FREE phase. A successful 

I/O process ends following the transfer ofa COMMAND COMPLETE message. An unsuccessful 

I/O process ends after the transfer of an ABORT, ABORT TAG, BUS DEVICE RESET, or 

ravens QUEUE message; when an unexpected disconnect occurs; or if a RESET condition is 
etected. 
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6.1.2.1 The Initiator-Target Nexus (I_T) 


A nexus is a logical link between an initiator and the drive, represented. by the SCSI ID of the 
initiator and the SCSI ID of the drive. An I_T nexus is established during the SELECTION 
phase. 


6.1.2.2 The Initiator-Target-Logical Unit Nexus (I_T_L) 


The IDENTIFY message is used to further define the nexus, by specifying a LUN. The Grand 
Prix XP34301/XP32151S hard disk drive houses a ae logical unit. The LUN for this logical 
unit is zero. Due to this fact, the LUN specified must be zero. 


6.1.2.3 The Initiator-Target-LUN-Queue Tag Nexus (I_T_L_Q) 


The queue tag messages are used to attach an identifier, called a queue tag, to an I/O process, so 
that upon reconnection the I/O process can be specified to the initiator. The I_T_L_Q nexus is 
established during the first MESSAGE OUT phase following SELECTION, when the initiator 
sends the queue tag to the drive. 


6.2 LOGICAL CHARACTERISTICS OF THE SCSi BUS 


The operating environment of the SCSI bus consists of a series of logical divisions called phases. 
There are ee phases, during which a SCSI device can only perform the tasks allowed for that 
phase. The bus can only be in one phase at any given time. Transition between phases is described 
in the explanation of the phases later in this section. The eight phases of the SCSI bus are: 


* BUSFREE 
¢ ARBITRATION 
° SELECTION © 
* RESELECTION 
* COMMAND 

* DATA 

° STATUS 

° MESSAGE 


Note: The COMMAND, DATA, STATUS, and MESSAGE phases are collec- 


tively known as the Information Transfer phases. 


6.2.1 Bus Phase Sequences 


A SCSI device transits from one bus phase to another in a pre-defined manner. The sequence 
begins with the BUS FREE phase, and is followed by the ARBITRATION phase if the SCSI 
device actively engages in arbitration. Following this, if the device is part of the nexus established 
during either the SELECTION or RESELECTION phase, the device participates in a 
combination of Information Transfer phases beginning with either the COMMAND or 
MESSAGE phase. The sequence ends with the return of the bus to the BUS FREE phase, at 
which point the SCSI device can begin the sequence again. 


In all cases, a RESET condition aborts any active phase. A RESET condition is always followed 
by the BUS FREE phase. 
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6.2.2 Signal Restrictions Between Phases 


Between Information Transfer phases, the following restrictions apply to signals on the SCSI bus: 


¢ BSY, SEL, REQ, and ACK do not change. 
e ATN, RST, MSG, C/D, I/O, and DATA BUS signals can change. 


Note: When switching the direction of the signal path on the DATA BUS from 
out to in—that is, from an initiator-driven signal to a drive-driven signal— 
after asserting I/O, the drive delays driving the DATA BUS for at least a 
DATA RELEASE DELAY plus a BUS SETTLE DELAY. The initiator 
releases the bus within a DATA RELEASE DELAY, measured from the 
transition of I/O to true. 


When switching the direction from in to out—that is, from a drive-driven 
signal to an initiator-driven signal—after negating I/O, the drive releases 
the bus within a DESKEW DELAY. 


6.2.3 BUS FREE Phase 


6.2.4 AR 


The BUS FREE phase occurs when BSY and SEL have been released for at leasta BUS SETTLE 
DELAY. All devices resident on the bus must release all signal lines within a BUS CLEAR 
DELAY of BUS FREE. This means that within (BUS SETTLE DELAY)+(BUS CLEAR 

eae of the point at which BSY and SEL were released, a SCSI device must release all bus 
ines. 


During BUS FREE, a device can only attempt to gain control of the bus. A SCSI device 
attempting to get the bus must move into the ARBITRATION phase. 


BITRATION Phase 


SCSI systems that implement arbitration are designed to support multiple initiators, and support 
reselection of an initiator by the drive. In these systems, devices contest by SCSI ID to get the 
bus, with the device having the highest SCSI ID winning the bus. Arbitrating systems transit 
from BUS FREE to ARBITRATION. | 


The ARBITRATION phase is active when a device asserts BSY and its SCSI ID on the bus. A 
device's SCSI ID corresponds to a unique bit on the DATA BUS (SCSI ID #0 to DB(0), SCSI 
ID #1 to DB(1), etc.). 


The arbitration sequence for SCSI is: 


1. An arbitrating device detects the BUS FREE phase when both BSY and SEL are 
continuously false for at least a BUS SETTLE DELAY. 


2. After detecting the BUS FREE phase, a device waits for at least a BUS FREE DELAY 
before driving any signals. 


3. Followinga BUS FREE DELAY, a device arbitrates for the SCSI bus by asserting both 
BSY and its SCSI ID. A device does not arbitrate if more than a BUS SET DELAY has 
passed since it last detected the BUS FREE phase. 


Note: When asserting its SCSI ID on the DATA BUS, a device releases the oth- 
er seven DATA BUS bits. Parity is invalid and DB(P) remains undriven 
by the device. 
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4, After waiting for at least an ARBITRATION DELAY—measured from its assertion of 
BSY-the device examines the DATA BUS. If the device finds that its SCSI ID is the 
highest asserted SCSI ID on the DATA BUS—DB(7) is the highest—-the device wins the 
arbitration and asserts SEL. Otherwise, the device loses the arbitration, releases all 
signals within a BUS CLEAR DELAY after SEL becomes true, and repeats this 
procedure from Step 1. 


5. When the SCSI device wins arbitration, after asserting SEL, it waits for at least (BUS 
CLEAR DELAY)+(BUS SETTLE DELAY) before changing any signals. 


6.2.5 SELECTION Phase 


The SELECTION phase allows an initiator to select the Grand Prix XP34301/XP32151S hard 
disk drive to initiate a function, such asa READ or WRITE command. The drive is never an 
initiator. 


Note: To distinguish this phase from the RESELECTION phase, the I/O signal 


remains undriven. 


6.2.5.1 Selection Of The Drive 


The device that won arbitration: 


1. Has BSY, SEL, and its SCSI ID asserted. 


2. Has waited for at least a BUS CLEAR DELAY plus a BUS SETTLE DELAY before 
ending the ARBITRATION phase. 
If the device doesn't assert I/O, it becomes an initiator and must: 


1. Assert the following on the DATA BUS: 
¢ The drive's SCSI ID 
¢ If parity is implemented, the parity bit 


2. Wait for at least wo DESKEW DELAYS before it can release BSY. 


Note: If the initiator raises ATN before BSY is released, the drive will go to 
MESSAGE OUT phase following SELECTION. 


3. Wait for at least a BUS SETTLE DELAY, after its release of BSY, before it looks for 


a response from the drive. 
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The Grand Prix XP34301/XP32151S hard disk drive: 


1. Becomes selected when SEL and its SCSI ID are true, and BSY and I/O are false for 
at least a BUS SETTLE DELAY. 


2. Examines the DATA BUS to determine the SCSI ID of the selecting initiator. 


3. Asserts BSY within a SELECTION ABORT TIME of its most recently detected 
selection to ensure the correct operation of the timeout procedure. 


After the initiator detects BSY is true, it must wait for at least wwo DESKEW DELAYS before it 
releases SEL and can change the DATA BUS. 


The drive waits for the initiator to release SEL before changing to an Information Transfer phase. 
Once drive selection is complete, the LED on the drive lights. 


6.2.5.2 Selection Timeout Procedure 


If the initiator waits for at least a SELECTION TIMEOUT DELAY without receiving a BSY 


response from the drive, it executes one of two selection timeout procedures to clear the SCSI 
bus. The initiator can: 


¢ Assert RST. (See Section 6.2.8.2, “RESET Condition.”) 


¢ Continue to assert SEL (and ATN, if ATN was asserted) and release the DATA 
BUS. If the initiator does not detect BSY as true after waiting for at least a 
SELECTION ABORT TIME plus two DESKEW DELAYS, it releases SEL (and 
ATN), allowing the SCSI bus to go to the BUS FREE phase. 


Note: All SCSI devices must ensure that they respond to a selection attempt 
within a SELECTION ABORT TIME. Ifa device doesn't respond with- 
in a SELECTION ABORT TIME, it must test the bus again to deter- 
mine whether or not the selection attempt is still valid. Failure to follow 
this requirement can result in bus malfunction, such as two targets con- 
nected to the same initiator, the wrong target connected to an initiator, 
or a target connected to no initiator. 


6.2.6 RESELECTION Phase 


The RESELECTION phase allows the Grand Prix XP34301/XP32151S hard disk drive to 
reconnect to an initiator. By doing so, it can continue an operation previously started by the 
initiator, but suspended by the drive when the drive disconnected, allowing the BUS FREE phase 
to occur before operation was complete. 


Simply stated, RESELECTION is exactly the same as SELECTION, except that the roles of the 
drive and the initiator are reversed, and I/O is asserted to differentiate between the two phases. 


Grand Prix XP34301/XP32151S 6-5 


SCSI Description 


6.2.6.1 Reselection By The Drive 
If the drive wins the ARBITRATION phase, the drive: 


1. Becomes a target by asserting I/O. 


2. Asserts the following on the DATA BUS: 
¢ The initiator's SCSI ID. 
¢ If parity is implemented, the parity bit. 


3. Waits for at least two DESKEW DELAYS, then releases BSY. 


4, Waits for at leasta BUS SETTLE DELAY before it looks for a response from the 
initiator. 


The initiator: 


1. Becomes reselected when SEL, I/O, and its SCSI ID are true, and BSY is false for at 
least a BUS SETTLE DELAY. 


2. Examines the DATA BUS to determine the SCSI ID of the reselecting drive. 


3. Asserts BSY within a SELECTION ABORT TIME of its most recently detected 


reselection to ensure the correct operation of the timeout procedure. 


e After the drive detects BSY is true, it asserts BSY and must wait for at least two 
DESKEW DELAYS before releasing SEL. The drive continues asserting BSY 
until it is ready to relinquish the SCSI bus. | 


e After the reselected initiator detects SEL as false, it must release BSY. 


Note: _ If parity is implemented and the initiator detects bad parity, or if more 
than two SCSI IDs appear on the DATA BUS, the initiator must not re- 
spond to reselection. 


6.2.6.2 Reselection Timeout Procedure 


If the drive waits for at leasta SELECTION TIMEOUT DELAY without receiving a BSY 
response from the initiator, it continues to assert SEL and I/O, and releases the DATA BUS. If 
the drive does not detect BSY as true after waiting for at least a SELECTION ABORT TIME 
plus two DESKEW DELAYS, it releases SEL and I/O, allowing the SCSI bus to go to the BUS 
FREE phase. 


Note: All SCSI devices must ensure that they respond to a reselection attempt 
within a SELECTION ABORT TIME. Ifa device doesn't respond with- 
ina SELECTION ABORT TIME, it must test the bus again to deter- 
mine whether or not the reselection attempt is still valid. Failure to follow 
this requirement can result in bus malfunction. — 


_ If reselection is unsuccessful, the drive will wait 250 ms and then attempt to reselect again. This 
process continues indefinitely until the drive is successful, or the drive is reset or told to abort the 
process. 
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6.2.7 information Transfer Phases 


Once selection of the drive or reselection by the drive is complete, there is only one initiator 
connected to the drive. This initiator can be any of the initiators connected to the SCSI bus and 
will now be referred to as the initiator for the remainder of this chapter. 


The four phases that perform all of the work in a SCSI transfer share a common bus mechanism, 
and so are grouped together under the name “Information Transfer.” Each of the Information 
Transfer phases is distinguished from the others by the combination of MSG, C/D, and I/O. The 
four Information Tr ate phases are: 


¢ COMMAND 
* DATA 

¢ STATUS 

¢ MESSAGE 


The state of MSG, C/D, and I/O determines the active phase, and sneneven it changes the new 
phase becomes valid when REQ is asserted. MSG, C/D, and I/O are controlled by the drive. The 
state of these three signals and the corresponding Information Transfer phase are shown in Table 


6-1. 

Table 6-1 SG, C/D, and I/O Codes 
| SIGNAL STATE | STATE DIRECTION 
a 
| 9 | © | O | DATAOUT | Initiator to Drive | 
| 0 | 0 | 1 | DATAIN | Drive to Initiator 
| 0 | 1 | 0 | COMMAND | Initiator to Drive: 
| 0 | 1 | 1 [STATUS | Drive to Initiator 
| 1 | 0 | 0 [RESERVED [- | 
} 1] 0 | 1 | RESERVED f= 


Ho 


Ces 
Note: 0 = False, 1 = True. 


In SCSI, for all ee operations, the flow of data is viewed from the perspective of the 
initiator. “In” refers to information (data, messages) being transferred to the initiator, while “out” 
refers to information being transferred from the initiator. 


A description of each of the phases mentioned in Table 6-1 can be found later in this chapter. 
The DATA IN and DATA OUT phases are explained in the section devoted to command 
descriptions, since they are only used during the execution of certain commands. 


When these specific commands are described, the function and use of the DATA IN and DATA 
OUT phases will also be expressed. 
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Communication with the Grand Prix XP34301/XP32151S hard disk drive takes place on the 
SCSI data bus using a defined REQ/ACK handshake protocol. Transfers across the bus can be 
synchronous or asynchronous for the DATA IN and DATA OUT phases, and must be 
asynchronous for all other phases. BSY remains asserted and SEL remains released during all 
Information Transfer phases. MSG, C/D, and I/O are set by the drive a BUS SETTLE DELAY 
poe to bi a handshake of a phase and remain valid until after the negation of ACK on the 
ast handshake. 


6.2.7.1 Pointers 


In the SCSI architecture, when an initiator establishes an I/O process, it creates a set of three 
pointers to accompany that I/O process. These three pointers remain in existence until the I/O 
process is finished, and are therefore called the saved pointers. In addition, each initiator contains 
a set of three pointers known as the active pointers. Each set of pointers consists of a command 
pointer, a data pointer, and a status pointer. 


When an I/O process connects to the bus, the initiator copies the values of the I/O process's saved 
pointers into its active pointers. The active pointers represent the current state of the interface 
and point to the next command, data, or status byte to be transferred between the initiator and 
the drive. 


A saved command pointer indicates the ee of the Command Descriptor Block (CDB) for 
the I/O process. A saved status pointer references the beginning of the status area for the I/O 
process. A saved data pointer points to the beginning of the data area for the I/O process until 
the drive sends a SAVE DATA POINTER message. In response to this message, the initiator 
copies the value of its active data pointer into the saved data pointer for that I/O process. When 
the I/O process disconnects from the SCSI bus, the initiator retains only the saved pointer values. 


If the drive uses DISCONNECT messages to break a long data transfer into two or more shorter 


transfers, it issues a SAVE DATA POINTER message before each DISCONNECT message. 
When the drive reconnects, a RESTORE DATA POINTER message is implied. 


Note: The drive does not issuea SAVE DATA POINTER message on a READ 
if the drive sesetouuey alge to transferring any data, or on a WRITE if 
the drive disconnects after transferring all the data. 


6.2.7.2 Asynchronous Transfer Mode 


In this mode, the drive controls the direction of the transfer by asserting or negating I/O. When 
I/O is asserted, information is transferred from the drive to the initiator. When I/O is negated, 
information is transferred from the initiator to the drive. 

To transfer information to the initiator with I/O true: 


1. The drive sets DB(0-7, P), waits for at least one DESKEW DELAY plus a CABLE 
SKEW DELAY, then asserts REQ. 


2. After REQ goes true, the initiator reads DB(0-7, P) and then acknowledges receipt of 
the data by asserting ACK. | 


3. When the drive detects ACK as true, it negates REQ and can change DB(0-7, P). 
4, After REQ goes false, the initiator negates ACK. 


5. Once ACK goes false, the drive can continue the data transfer by again setting 
DB(0-7, P) and asserting REQ. 
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To transfer information from the initiator with I/O false: 


1. The drive requests information by asserting REQ. 


2. After REQ goes true, the initiator sets DB(0-7, P), waits for at least one DESKEW 
DELAY plus a CABLE SKEW DELAY, then asserts ACK. 


3. When the drive detects ACK as true, it reads DB(0-7, P) and then acknowledges 
receipt of the data by negating REQ. 


4, After REQ goes false, the initiator negates ACK and can change DB(0-7, P). 
5. Once ACK goes false, the drive can continue the data transfer by again asserting REQ. 


6.2.7.3 Synchronous Transfer Mode 


Synchronous mode is available only for the DATA IN and DATA OUT phases. Because 
synchronous transfers require an exchange of extended messages to establish the REQ/ACK offset 
and transfer period, only devices that support extended messages can use synchronous transfers. 


In synchronous transfers, bytes are transferred at a rate negotiated between an initiator and the 
drive, with the REQ/ACK handshake used to control the transfer rate, rather than validate bytes 
on the bus. The factors that define the parameters of a synchronous transfer are hardware 
dependent. These parameters are established between the drive and an initiator by exchanging a 
SYNCHRONOUS DATA TRANSFER REQUEST (SDTR) message. (See Section 6.3.6.1, 
“SYNCHRONOUS DATA TRANSFER REQUEST (01h).”) 


The initiator asserts one ACK pulse for each REQ ta received. A successful synchronous 
transfer is completed when the number of REQ pulses and the number of ACK pulses are equal 
at the end of the transfer. 


On all synchronous data transfers: 
1. The drive asserts REQ for at least an ASSERTION PERIOD whenever it is required 


for the drive to do so in the individual transfer descriptions listed below. Before 
asserting REQ again, the drive waits for either a TRANSFER PERIOD, measured 
from the last transition of REQ to true, ora NEGATION PERIOD, measured from 
the last transition of REQ to false, depending on which extends further in time. 


2. As soon as it receives the leading edge of a REQ pulse, the initiator can assert ACK. 
ACK remains asserted for at least an ASSERTION PERIOD whenever the initiator 
asserts it. Before asserting ACK again, the initiator waits for either a TRANSFER 
PERIOD, measured from the last transition of ACK to true, ora NEGATION 
PERIOD, measured from the last transition of ACK to false, whichever extends further 


in time. 


3. For data transfers from the drive to the initiator, data is valid when REQ is asserted. 
For data transfers from the initiator to the drive, data is valid when ACK is asserted. 
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To transfer information to the initiator with I/O true: 


1. The drive sets DB(0-7, P), waits for at least one DESKEW DELAY plus one CABLE 
SKEW DELAY, then asserts REQ. | 


2. Following the assertion of REQ, DB(0-7, P) remain valid for at least one DESKEW 
DELAY plus one CABLE SKEW DELAY plus one HOLD TIME. 


3. The initiator reads the value on DB(0-7, P) within one HOLD TIME of the 
transition of REQ to true. 
To transfer information from the initiator with I/O false: 


1, The initiator transfers one byte for each REQ pulse received. On receiving each REQ 
pulse, the initiator might immediately set DB(0-7, P), wait for at least one DESKEW 
DELAY plus one CABLE SKEW DELAY, then assert ACK. If this is not done 
immediately, it must be done eventually. The REQ pulses must be serviced in the 
order received. 


2. After the assertion of ACK, DB(0-7, P) remain valid for at least one DESKEW 
DELAY plus one CABLE SKEW DELAY plus one HOLD TIME. 


3. The drive reads the value on DB(0-7, P) within one HOLD TIME of the transition 
of ACK to true. 


6.2.8 SCSI Bus Conditions 


Two asynchronous conditions can exist on the SCSI bus—an ATTENTION condition and a 
RESET condition. These conditions cause a SCSI device to act and might alter the phase 
sequence. 


6.2.8.1 ATTENTION Condition 


An ATTENTION condition (ATN) allows an initiator to inform the drive that it has a message 
ready. The drive obtains the message by initiating the MESSAGE OUT phase. 


The initiator can enteran ATTENTION condition at any time by asserting ATN, except during 
the BUS FREE or ARBITRATION phase. The drive responds with the MESSAGE OUT phase. 


To transfer more than one byte, the initiator holds ATN asserted. The initiator can negate ATN 
at any time, except while asserting ACK during the MESSAGE OUT phase. Typically, the 
initiator negates ATN while REQ is true and ACK is false during the last REQ/ACK handshake 
of the MESSAGE OUT phase. 
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6.2.9 
6.2.9.1 


6.2.9.2 — 


SCSI Description 


RESET Condition 


A RESET condition (RST) clears all SCSI devices from the bus, and takes precedence over all 
other phases and conditions. The BUS FREE phase always follows a RESET condition. SCSI 
devices create a RESET condition by asserting RST for at least a RESET HOLD TIME. While 
a oe at ea is in effect, the states of all SCSI bus signals other than RST remain 
undefined. 


Note: The Grand Prix XP34301/XP32151S hard disk drive never asserts RST, 
but responds to RST asserted by another SCSI device. 


Upon detecting a RESET condition, the drive releases all SCSI bus signals within a BUS CLEAR 
eae of the transition of RST to true and performs a hard reset. When the drive executes a 
ard reset, it: 


¢ Clears all I/O processes. 
* Releases all SCSI device reservations. 
¢ Setsa UNIT ATTENTION condition. 
Operating mode parameters are restored to their last saved values if saved values have been 


established. If operating mode parameters have not been saved or cannot be saved, they will be 
restored to their default values. 


Note: The drive cannot be selected for at least 50 microseconds following the 


release of RST. 


Logical SCSI Conditions 
UNIT ATTENTION Condition 


The drive generates a UNIT ATTENTION condition for each initiator whenever it is reset by a 
BUS DEVICE RESET message, a RESET condition, or by a power-on reset. This condition is 
also generated for an initiator when the operating mode parameters in effect for this initiator have 
been changed by another initiator, tagged commands queued for this initiator were cleared by 
another initiator, or any other event occurs that requires the initiator's attention. 


For each initiator that the drive hasa UNIT ATTENTION condition for, the drive terminates 
the first command sent to it with CHECK CONDITION status, unless the command is an 
INQUIRY or REQUEST SENSE command. The sense key is set to UNIT ATTENTION. If 


. the first command sent isa REQUEST SENSE command, the UNIT ATTENTION condition 


is reported in the sense data. An INQUIRY command will execute as if the UNIT 
ATTENTION condition did not exist, and cause the next command to become the “first 
command.” Once the condition is reported, it is cleared for that initiator. 


CONTINGENT ALLEGIANCE Condition 


The CONTINGENT ALLEGIANCE condition exists following the return of CHECK 
CONDITION status by the drive. The drive clears the condition when it detects a RESET 
condition, receives a BUS DEVICE RESET message, or receives an ABORT message or any 
subsequent command from the initiator it is saving the sense data for. (See Section 6.8.3, 


“REQUEST SENSE (Opcode=03h).”) 
While the CONTINGENT ALLEGIANCE condition exists, the drive responds with BUSY 


status to any other initiator that requests access to it. Execution of all tagged I/O processes in the 
drive are halted until the CONTINGENT ALLEGIANCE condition is cleared. 
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6.3 SCSI MESSAGES 


Because there is no dedicated bus controller module, the two devices actively using the bus must 
be able to communicate with one another in order to manage the physical path between them. 

This is accomplished by using a system of pre-defined software messages. Messages can be one- 
byte, two-byte, or extended. The first byte of the message determines the format of the message, 
as shown below in Table 6-2. 


Table 6-2 Message format 


One-byte message 
| ooh (COMMAND COMPLETE) 


Sor 
| 80h—-FFh | One-byte message (IDENTIFY) 


6.3.1 MESSAGE IN Phase 


The MESSAGE IN phase allows the drive to send messages to the initiator. During the REQ/ 
ACK handshakes of this phase, the drive asserts MSG, C/D and I/O. 


6.3.2 MESSAGE OUT Phase 


The MESSAGE OUT phase allows the drive to request that messages be sent from the initiator 
to the drive. The drive invokes this phase in response to an ATTENTION condition created by 
the initiator. During the REQ/ACK handshakes of this phase, the drive asserts MSG and C/D, 
and negates I/O. The drive handshakes bytes until ATN is negated or the drive rejects a message. 


If the drive receives all of the message bytes without any parity errors, it changes to a different 
Information Transfer phase and transfers at least one byte, or the drive goes to the BUS FREE 
phase—for example, in response to an ABORT or BUS DEVICE RESET message. 


See Section 6.3.7, “Message Error Handling” for a description on the drive’s handling of 
messages with parity errors. 
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Table 6-3 SCSI Messages Supported 


couaeiaiehaianianens CTION NTSEFORE 
DIRE 
INITIATOR | TARGET LAST ACK 


COMMAND COMPLETE 
EXTENDED MESSAGE, 


| DISCONNECT = 


aes mamagent DETECTED 
cern 


ce 
Toe [fm | noorenaron [noe ree 
Toon [|__| wessaazanmyenmon [On [Yoo 
Ton [ef [euspemceneser [on [Yee 
OO 
ae ae 


| CONTINUE VO PROCESS /O PROCESS 


eetibaintetitmns Me TRANSFER 
DISABLE 
Sao 


80h, 


Queue Tag Messages (Two Bytes) 


Ta To [8 [swrizauverss [woe [te 
Tan [0 [6 | resporoveueras [on [te 
Tan [0 | 0 | onperepaveuetas [oa fe 
Ta [0 | © _[revorewnenesoue [oa [ee 


Note: 'The ABORT TAG and CLEAR QUEUE messages are required with command queuing. 


2 Extended message. 

M = Mandatory 

O = Optional 

In = Drive to Initiator 

Out = Initiator to Drive 

Yes = Initiator negates ATN while REQ is asserted on the message’s last REQ/ACK handshake 
No = Initiator might not negate ATN before the last ACK of the message 

— = Not applicable 
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6.3.3 


6.3.4 


6.3.4.1 


6.3.4.2 


6.3.4.3 


Message Protocol 


All SCSI devices implement the COMMAND COMPLETE message. Until an initiator informs 
the drive that it supports other messages, the drive sends only COMMAND COMPLETE 
messages to that initiator. By asserting ATN during SELECTION, an initiator communicates to 
the drive that it supports messages other than COMMAND COMPLETE. 


When the drive detects ATN asserted by the initiator during the SELECTION phase, it enters 
the MESSAGE OUT phase to receive a message. The drive expects the initiator to send an 
IDENTIFY message to establish an I_T_L nexus. This message should specify LUN=0. If the 
initiator supports disconnect/reconnect, it should also set bit 6 of the IDENTIFY message. 
Alternatively, the drive can receive an ABORT or BUS DEVICE RESET message. If the drive 
receives any other message, it sends a MESSAGE REJECT message and goes to BUS FREE. 
Following the MESSAGE OUT phase in which the IDENTIFY message is received, the drive 
enters the COMMAND phase and requests command bytes from the initiator. 


One-Byte Messages 


One-byte messages provide the simplest means of managing the bus. These messages are used to 
indicate the state of command execution or data transfer operations, to establish a physical path, 
and to control the condition of the bus. For one-byte messages, the hex value of the byte to send 
corresponds to the code assigned to the message, as shown in Table 6-3, and as explained in the 


following paragraphs. 
COMMAND COMPLETE (00h) 
The COMMAND COMPLETE message indicates that the drive has finished execution of a 


command and passed status information to the initiator. It indicates only that the command was 
ended; it does not specify whether the command was fully executed, or terminated prior to 
completing execution. The status information passed to the initiator indicates the success or 
failure of ap command. After successfully sending this message, the drive goes to the BUS FREE 
phase by releasing BSY. | 


SAVE DATA POINTER (02h) 


The SAVE DATA POINTER message is sent from the drive to direct the initiator to copy the 
active data pointer to the saved data pointer for the current I/O process. (See Section 6.2.7.1, 
“Pointers.”) If the initiator rejects this message, the drive discontinues attempts to disconnect. 


During a DATA IN or DATA OUT phase, when breaking a long data transfer into two or more 
_ shorter transfers using DISCONNECT messages, the drive issues a SAVE DATA POINTER 
message immediately before transferring the DISCONNECT message. 


DISCONNECT (04h) 


The drive sends the DISCONNECT m e to inform the initiator that the current esancenan 
will be broken. The drive then disconnects by releasing BSY and ae to the BUS FREE phase. 


To complete the I/O operation in progress at disconnection, the drive must reconnect. | 


If the initiator detects the BUS FREE phase not preceded by a DISCONNECT or COMMAND 
COMPLETE message, and not resulting from a RESET condition, or an ABORT, ABORT 
TAG, BUS DEVICE RESET, or CLEAR QUEUE message, a catastrophic error condition exists. 


Note: The DISCONNECT message does not cause the initiator to save the 
data pointer. 
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6.3.4.4 INITIATOR DECTECTED ERROR (05h) 


The INITIATOR DETECTED ERROR message informs the drive that an error has occurred. 
The source of the error can be related either to previous activities on the SCSI bus or can be 
internal to the initiator and unrelated to any previous SCSI bus activity. The drive proceeds with 
the current command and returns CHECK CONDITION status at its completion. The sense 
key is set to ABORTED COMMAND and the additional sense code is set to INITIATOR 
DETECTED ERROR MESSAGE RECEIVED. 


6.3.4.5 ABORT (06h) 
If an I_T_L or _LT_L_Q nexus exists, the ABORT message tells the drive to abort all I/O 


processes, active or queued, for the initiator that sends this message. Previously established 
conditions, including reservations and operating mode parameters are not changed. The drive 
goes to the BUS FREE phase following successful receipt of this message. 


See also Section 6.3.4.9, “BUS DEVICE RESET (0Ch),” Section 6.3.4.10, “ABORT TAG 
(ODh),” and Section 6.3.4.11, “CLEAR QUEUE (0Eh)” for information on the BUS DEVICE 
RESET, ABORT TAG, and CLEAR QUEUE messages. 


6.3.4.6 | MESSAGE REJECT (07h) 


The MESSAGE REJECT message is sent from either the initiator or the drive to indicate that 
the last message or message byte it received was inappropriate or has not been implemented. 


To indicate its intentions of sending this message, the initiator asserts ATN prior to its release of 
ACK for the REQ/ACK handshake of the message byte that is to be rejected. If the drive receives 


this message under any other circumstance, it rejects this message. 


When the drive sends this message, it changes to the MESSAGE IN phase and sends this message 
prior to requesting additional message bytes from the initiator. This provides an interlock so that 
the initiator can determine which message byte is rejected. 


- 6.3.4.7 NO OPERATION (08h) 


The NO OPERATION message is sent from the initiator in response to the drive's request for a 
message when the initiator does not currently have any other valid message to send. 


6.3.4.8 MESSAGE PARITY ERROR (09h) 
The MESSAGE PARITY ERROR message is sent from the initiator to the drive to indicate that 


it received a message byte with a parity error. 


To indicate its intentions of sending this message, the initiator asserts ATN prior to its release of 
ACK for the REQ/ACK handshake of the message byte that has the parity error. 


When the drive receives a MESSAGE PARITY ERROR message, it retries the operation by re- 
sending the original message. If the message still cannot be sent successfully, the drive goes to the 
BUS FREE phase and aborts the current command. The sense key is set to ABORTED 
COMMAND and the additional sense code is set to SCS] PARITY ERROR. 


6.3.4.9 BUS DEVICE RESET (0Ch) 


The BUS DEVICE RESET message orders the drive to abort all I/O processes. This message 
forces a RESET condition on the drive. AUNIT ATTENTION condition is generated for all 
initiators. The drive goes to the BUS FREE phase following successful receipt of this message. 


See also Section 6.3.4.5, “ABORT (06h),” Section 6.3.4.10, “ABORT TAG (ODh),” and 


Section 6.3.4.11, “CLEAR QUEUE (0Eh)” for information on the ABORT, ABORT TAG, and 
CLEAR QUEUE messages. 
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6.3.4.10 ABORTTAG(0Dh) — | 7 


If an I_T_L_Q nexus exists, the ABORT TAG message forces the drive to abort the current I/O 
process. If the drive has already started execution of the I/O process, the execution halts. The 
medium contents might have been modified before execution was halted. In either case, any 
pending status or data for the I/O process is cleared and no status or ending message is sent to 
the initiator. Previously seablited conditions, including reservations and operating mode 
parameters are not changed. The drive goes to the BUS FREE phase following successful receipt 
of this message. 


See also Section 6.3.4.5, “ABORT (06h),” Section 6.3.4.9, “BUS DEVICE RESET (0Ch),” and 
Section 6.3.4.11, “CLEAR QUEUE (0Eh)” for information on the ABORT, BUS DEVICE 
RESET, and CLEAR QUEUE messages. 


6.3.4.11 CLEAR QUEUE (0Eh) 
The CLEAR QUEUE message informs the drive to abort all I/O processes, from all initiators, in 


the queue and terminate any active I/O processes. The drive performs an action equivalent to 
receiving an ABORT message from each initiator. The medium might have been altered by 
partially executed commands. All pending status and data for all initiators are cleared. No status 
or message is sent for any of the 1k O processes. A UNIT ATTENTION condition is generated 
for all other initiators with I/O processes that were either active or queued in the drive. Previously 
established conditions, including reservations and operating mode parameters are not changed. 
The drive goes to the BUS FREE phase following successful receipt of this message. 


See also Section 6.3.4.5, “ABORT (06h),” Section 6.3.4.9, “BUS DEVICE RESET (0Ch),” and 
Section 6.3.4.10, “ABORT TAG (0Dh)” for information on the ABORT, BUS DEVICE 
RESET, and ABORT TAG messages. 


6.3.4.12 CONTINUE I/O PROCESS (12h) 


The CONTINUE I/O PROCESS message is sent from the initiator to the target to reconnect to 
an I/O process. This message is sent in the same message OUT phase as the IDENTIFY message. 


The MESSAGE OUT phase following SELECTION phase consists of the IDENTIFY, queue 
tag (if any), and CONTINUE I/O PROCESS messages. 


The purpose of the CONTINUE I/O PROCESS message is to distinguish a valid initiator 


reconnection from an incorrect initiator reconnection. 


If the target expects a significant delay before it will be ready to continue processing the 
reconnected I/O PROCESS, it may attempt to free the SCSI bus by sending a DISCONNECT 
message to the initiator. The initiator may reject the disconnection attempt by responding with 


MESSAGE REJECT message. 


It is an error for the initiator to send this message on an initial connection (i.e., there is no I/O 
process for the nexus) and the target must go to the BUS FREE phase. 


6.3.4.13 TARGET TRANSFER DISABLE (13h) 


The TARGET TRANSFER DISABLE (TTD) message is sent from an initiator to a target to 
request that subsequent reconnections for data transfer on the I/O process be done by the 
initiator instead of the target. The target may reconnect for other purposes, but must not enter a 
data phase on a target reconnection. SCSI evices that implement this message must also 
implement the CONTINUE I/O PROCESS message. © 


This message is sent as the last message of the first MESSAGE OUT phase of an initial 
connection. The target may continue the I/O process, including any DATA OUT phases on the 
initial connection, until the target would normally disconnect, but the target must not reconnect 
to transfer data. That is, the target must not enter a DATA IN phase on the initial connection 
and the target must not enter any data phase on any subsequent target reconnection for the I/O 
process. 
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When the target is ready to transfer data for a disconnected I/O process for which a TTD message 
has been sent, the target will reconnect to the initiator for the I/O process (via a RESELECTION 
phase, an IDENTIFY message, and an optional SIMPLE QUEUE TAG message), send a 
DISCONNECT message, and, if the initiator does not respond with a MESSAGE REJECT 
message, go to the BUS FREE phase. This connection serves to notify the initiator that the I/O 
process is ready for data transfer. If the initiator rejects the DISCONNECT message, the target 
may enter a data phase; otherwise, the initiator may reconnect to the I/O process as described in 
the CONTINUE I/O PROCESS message to do ‘he data transfer. 


6.3.4.14 IDENTIFY (80h—FFh) 


The IDENTIFY message is sent by either the initiator or the drive to further define the I_T 
nexus. The resulting I_T_L nexus must have LUN=0. 


The identify bit (Bit 7) is set to one to specify that this is an IDENTIFY message. 


A disconnect privilege bit (Bit 6) of one specifies that the initiator has granted the drive the 

privilege of disconnection. A disconnect privilege bit of zero notifies the drive that it should not 

aes This bit is not defined and is set to zero when an IDENTIFY message is sent by the 
rive. 


The logical unit target bit (Bit 5) is set to zero to indicate that the number in the LUNTRN field 
isa LUN. | 


Bits 4 and 3 are reserved and are set to zero. 


The initiator must set the LUNTRN field (Bits 2-0) to zero when it sends this message to the 
drive. When this message is sent to the initiator, the drive sets the LUNTRN field to zero. 


The drive always sends an IDENTIFY message of 80h, whereas the initiator can send an 
IDENTIFY message of COh or 80h depending on whether disconnection is allowed or not 
allowed, sepecivel When the drive sends an IDENTIFY message following RESELECTION, 
the initiator will automatically restore pointers. (See Section 6.2.7.1, “Pointers.”) 


6.3.5 Two-Byte Messages 


Tagged two-byte messages, shown in Table 6-4, allow the drive to handle multiple data streams 
for an initiator. The drive keeps the messages and associated commands in an i pier list known 
as a queue. The messages supported are HEAD OF QUEUE TAG, ORDERED QUEUE TAG, 
and SIMPLE QUEUE TAG. | 


These messages specify an identifier, known as a queue tag, for an I/O process that establishes an 
I_T_L_Q nexus. The queue tag field is an 8-bit unsigned integer assigned by the initiator during 
initial connection. The numeric value of a queue tag does not influence the order of execution, 
and the queue tag is available for reassignment when the I/O process ends. 


Upon connection to the drive, the initiator sends the appropriate queue tag message immediately 
following the IDENTIFY message and within the same MESSAGE OUT phase. 


When the drive reconnects to an initiator to continue a tagged I/O process, the SIMPLE 


QUEUE TAG message is sent following the IDENTIFY message and within the same 
MESSAGE IN phase. | 
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Table 6-4 Queue Tag Message Format 


BYTE | Bit aaa 
ae i ae ee ee 


6.3.5.1 SIMPLE QUEUE TAG (20h) 
The SIMPLE QUEUE TAG message, when sent to the drive, specifies that the I/O process be 


placed in the drive's command queue. The command is executed in an order determined by the 
drive within the constraints of the algorithm responsible for queue management. This algorithm 
is specified in the Control Mode Page (Page Code OAh). 


When sent to the initiator, this message just indicates the value of the queue tag so that the 
initiator can determine which I/O process is reconnecting. 


6.3.5.2 | HEAD OF QUEUE TAG (21h) 


The HEAD OF QUEUE TAG message specifies that the I/O process be placed first in the drive's 
command queue. No preemption will be done IF an I/O process IS already being executed. All 
I/O processes subsequently received with a HEAD OF QUEUE TAG message are placed at the 
head of the command queue in a last-in, first-out order. 


6.3.5.3 ORDERED QUEUE TAG (22h) 
The ORDERED QUEUE TAG message indicates that the I/O process be placed in the drive's 


command queue for execution in the order received. All queued I/O processes for the drive 
received prior to this I/O process will be executed before this I/O process. All queued I/O 
processes received after this I/O process will be executed following this I/O process, except for 
I/O processes received with a HEAD OF QUEUE TAG message. 


6.3.5.4 IGNORE WIDE RESIDUE (23h) 


The IGNORE WIDE RESIDUE message is sent from the Grand Prix Drive to the indicate that 
the number of valid bytes sent on the last REQ/ACK handshake in Data In Phase is less than the 
negotiated width. | 
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6.3.6 Extended Messages 


Extended messages provide more advanced methods of bus control, command execution 
management, and vendor unique functions. For extended messages, byte 0 is always set to 01h, 
the code for an “extended message.” 


The basic structure of an extended message is shown in Table 6-5, and the extended message 
codes are given in Table 6-6. 


Table 6-5 Extended Message Data Structure 


BYTE BIT 
i ee 
ef CERTENDEDWESSAGESOTH 
| SeNDED MESSAGELENGTH 
(2 [______BXTENDEDMESSAGECODE 


EXTENDED MESSAGE (Byte 0) 


This field contains the code for an extended message, and is therefore set to O1h. 


EXTENDED MESSAGE LENGTH (Byte 1) 


This parameter specifies the number of extended cneaee 2 bytes to follow. The length of the entire 
message is equal to this value plus two bytes. A value of zero in this field indicates that 256 bytes 


follow. 
EXTENDED MESSAGE CODE (Byte 2) 


This field contains the code defining the message, as shown in Table 6-6. 


EXTENDED MESSAGE ARGUMENTS (Bytes 3+) 


This group of fields contains the execution arguments associated with the action ordered by the 
extended message. There can be several argument bytes in this group. 


Table 6-6 Extended Message Codes 


| CODE |  _—_—S MESSAGE 

0 | Robe ERta owe 
(MODIFY DATA POINTER) 

a 

eek [ WDE DATATRANGFER REQUEST 


7 Not supported 
Soren (Vendor unique) 
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6.3.6.1 SYNCHRONOUS DATA TRANSFER REQUEST (0th) 


The SYNCHRONOUS DATA TRANSFER REQUEST (SDTR) message is used to establish 
the timing parameters for synchronous data transfers between two SCSI devices capable of 
performing such transfers. It is the responsibility of the initiator and the drive to establish an 
agreement when one is required or to negotiate a new data transfer agreement if one is needed. 


An agreement becomes invalid after a RESET condition, a BUS DEVICE RESET message, or a 
power cycle. The agreement only applies to the DATA IN and DATA OUT phases. The default 
transfer mode is asynchronous data transfer mode. The default data transfer mode is entered at 
power on, after a BUS DEVICE RESET message, or after a RESET condition. 


Table 6-7 Synchronous Data Transfer Request Data Structure 


BIT 


BYTE | 
ON ee oo 


oC ETENDED MESSAGER 
[2 | SYNGHRONGUS DATA TRANSFER REQUEST CODE-GTH 
(2 [TRANSFER PEROOFAGTOR 


TRANSFER PERIOD FACTOR (Byte 3) 


This parameter times four is the value of the transfer period in nanoseconds. The transfer period 
is the minimum time between leading edges of successive REQ pulses and of successive ACK 


pulses. Table 6-8 shows the transfer rates the Grand Prix XP34301/XP32151S hard disk drive 


will use based on the requested transfer period factor. 
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Table 6-8 Transfer Rates as a Function of Requested Transfer Period Factor 


REQUESTED TRANSFER 
TRANSFER RATE USED 
PERIOD FACTOR (MB/s) 


ee 
ee 


51-62 


500 
0 
ee 
ee 
[ers [a 
a 
ee 
REQ/ACK OFFSET (Byte 4) 


This parameter states the maximum number of REQ pulses allowed to be outstanding at the 
drive before the leading edge of another ACK pulse is received. A value of zero indicates 
asynchronous data transfer mode; a value of FFh indicates that no limit exists. 


The originating device (the device that sends the first of the pair of SDTR messages) sets its values 
according to the rules above to permit it to receive data successfully. If the responding device can 
also receive data successfully with these values, it returns the same values in its SDTR message. If 
it requires a larger transfer period, a smaller REQ/ACK offset, or both in order to receive sae 
successfully, the responding device substitutes values in its SDTR message as required, returning 
unchanged any value that does not need to be altered. Each device when transmitting data must 
respect the limits set by the exchange, but it is permitted to transfer data with larger transfer 
periods, smaller REQ/ACK offsets, or both. Table 6-9 shows the implied agreement from the 
successful completion of an exchange of SDTR messages. 
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Table 6-9 Jmplied Agreement from SDTR Messages 
RESPONDING DEVICE | | eee = 
SDTR MESSAGE IMPLIED AGREEMENT 
| 1. Non-zero REQ/ACK offset. Each device transmits data with a transfer period equal to or 
greater than, and a REQ/ACK offset equal to or less than the 
values in the responding device's SDTR message. 


2. REQ/ACK offset equal to zero. | Asynchronous transfer. 
3. MESSAGE REJECT message. ; Asynchronous transfer. 


If the initiator recognizes that negotiation is required, it asserts ATN and sends a SDTR message 
to begin the negotiating process. After successfully completing the MESSAGE OUT phase, the 
drive responds with the proper SDTR message. Ifan abaenial condition prevents the drive from 
returning an appropriate response, both devices go into asynchronous data transfer mode for data 
transfers between the two devices. 


During the MESSAGE IN phase in which the drive sends a SDTR response, the implied 
agreement for synchronous operation is considered to be negated by both the initiator and the 
drive if the initiator asserts ATN and the first message out is either MESSAGE PARITY ERROR 
or MESSAGE REJECT. 


In this case, both devices go to asynchronous data transfer mode for data transfers between the 
two devices. For the MESSAGE PARITY ERROR case, the implied agreement is reinstated if 
the drive can successfully re transmit its SDTR response. 


If the drive recognizes that negotiation is required and the send synchronous message bit on the 

Quantum-Unique Control Parameters page (Page Code 37h) is set to one, it sends an SDTR 

message to the initiator. Prior to releasing ACK on the last byte of the SDTR message from the 

drive, the initiator asserts ATN and respond with either its SDTR response or a MESSAGE 

REJECT message. If an abnormal condition prevents the initiator from returning an appropriate 

pa eee both devices go to asynchronous data transfer mode for data transfers between the two 
evice. 


If, immediately following the initiator's responding SDTR message, the drive shifts to 
MESSAGE IN phase and the first message in is MESSAGE REJECT, the implied agreement is 
considered to be negated and both devices go to asynchronous data transfer mode for data 
transfers between the two devices. 


6-22 Grand Prix XP34301/XP32151S 


SCSI Description 


6.3.6.2 WIDE DATA TRANSFER REQUEST (03h) 


A WIDE DATA TRANSFER REQUEST (WDTR) message exchange is initiated by a SCSI 
device whenever a previously arranged transfer width agreement may eve become invalid. The 
agreement becomes invalid after any condition which may leave the data transfer agreement in 
an indeterminate state such as: 


1) after a hard reset condition; 
2) after a BUS DEVICE RESET message and; 
3) after a power cycle. 


In addition, a SCSI device may initiate an WDTR message exchange whenever it is appropriate 
to negotiate a new transfer width agreement. Table 6-10 shows the structure of the Wide Data 


Transfer Request. 


Table 6-10 Wide Data Transfer Request Data Structure 


BIT 


BYTE 
ee SO 


eo [CRTENDEDMESSAGEST 
[2 | ___WOE DATA TRANGFER REQUEST CODESOOh 
28 [TRANSFER WOTHENONENT 


TRANSFER WIDTH EXPONENT (Byte 3) 


The transfer width is two to the transfer width exponent bytes wide. The transfer width that is 
established applies to all logical units on both SCSI devices. Walid SCSI transfer widths are 8 bits 
(transfer width exponent = 00h), 16 bits (transfer width exponent = 01h), and 32 bits (transfer 
width exponent = 02h). Values of transfer width exponent greater than 02h are reserved. The 


valid values for the Grand Prix XP34301/XP32151S hard disk drive are 1 and 0. 


6.3.7 Message Error Handling 


If the drive detects one or more parity errors in the message bytes it receives, it requests the 
initiator to send them again. The drive does this by asserting REQ after ATN goes false, but 
before changing to another phase. On detecting REQ, the initiator sends all of the previous 
message bytes in the same order as previously sent during this phase. 


When re-sending multiple message bytes, the initiator must assert ATN at least two DESKEW 
DELAYS prior to asserting ACK on the first byte. ATN remains asserted until the initiator sends 
the last byte. 


Following a parity error, the drive ignores messages sent during the remainder of the MESSAGE 
OUT phase. When the initiator re-sends a series of messages, the drive does not act on any 
message already received prior to the parity error. 
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6.4 COMMAND IMPLEMENTATION 


This section defines the SCSI command implementation supported by the Grand Prix XP34301/ 
XP32151S hard disk drive. Each command consists of a group of command bytes and, in some 
cases, a group of associated data bytes. 


On command completion, the drive returns a status byte to the initiator. Because most error and 
exception conditions cannot be described adequately in a single status byte, the CHECK 
CONDITION status code is used to indicate that additional information is available. The 
initiator can issue a REQUEST SENSE command to retrieve that information. 


The following subsections describe the general format of a command. A list also is provided in 
ia 6-11 to show the commands supported by the Grand Prix XP34301/XP32151S hard disk 
ive. 


6.4.1 Command Descriptor Block (CDB) 


SCSI commands are issued from an initiator by transferring a Command Descriptor Block 
(CDB) to a target device. For some commands, a parameter list sent during the DATA OUT 
hase accompanies the request. A CDB contains an opcode, a Logical Unit Number (LUN), 

fields containing command parameters, and a control byte. 


6.4.1.1 Opcode 


The first byte of a CDB is the opcode. It consists of a three-bit group code field and a five-bit 
command code field. The group code field contains the code for one of eight command groups. 
The command code field contains the code for one of the 32 commands in each group. The two 
fields together provide 256 possible code combinations. The Grand Prix XP34301/XP32151S 
hard disk drive supports the following command groups: 


¢ Group 0, which is six-byte commands. 


¢ Groups 1 and 2, which are ten-byte commands. 


The opcode for each command indicates its format—six-byte commands have opcodes between 
00h and 1Fh; ten-byte commands have opcodes between 20h and 5Fh. The opcodes for the 
commands supported by the drive are given in Table 6-11. 
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Table 6-11 SCSI Commands Supported 


oresoe[——cowanno ——_orcone] —comiano 
li 
a 
| or 
ea | er 
2 NL I BI a 
== = 
a 
BE a A 
Wi AE Uc BL 
= a | 
ae enaBRaORTT| “ae [ease nneee 
a ed 
eee 


6.4.1.2 Logical Unit Number (LUN) 


The LUN for the Grand Prix XP34301/XP32151S hard disk drive is zero. Ifany command other 
than INQUIRY or REQUEST SENSE specifies LUN not equal to zero, the drive terminates that 
command with CHECK CONDITION status. The sense is set to ILLEGAL REQUEST 
and the additional sense code is set to LOGICAL UNIT NOT SUPPORTED. 


6.4.1.3 Command Parameters 


Command parameters can include Logical Block Address (LBA), transfer length, parameter list 
length, and allocation length. 


Logical Block Address (LBA) 


The LBA specifies the first or starting block of an operation. Group 0 CDBs contain 21-bit LBAs. 
Groups 1 and 2 CDBs contain 32-bit LBAs. LBAs begin with block zero and reference 
contiguous blocks up to the last logical block on the drive. The last logical block on the drive can 
be determined by issuing a READ CAPACITY command. 


A logical block is 512 bytes in length for the Grand Prix XP34301/XP32151S hard disk drive. 
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Transfer Length 


The transfer length specifies the amount of data to be transferred to or from an initiator. It is 
translated as the number of blocks to be transferred. For six-byte commands, up to 256 blocks 

_ can be transferred. A value between 1 and 255 (01h-FFh) indicates the number of logical blocks 
to be transferred. The value zero causes 256 logical blocks to be transferred. For ten-byte 
commands, up to 65,535 blocks can be transferred. A value between 0 and 65,535 (0000h- 
FFFFh) indicates the number of logical blocks to be transferred. 


Parameter List Length 


The parameter list length specifies the number of bytes to be sent during the DATA OUT phase. 
A parameter list length of zero notifies the drive to transfer no data. This CDB field allows an 
initiator to send a list of parameters to the drive. 


Allocation Length 


The allocation length specifies the maximum number of bytes allocated by an initiator for 
returned data. An allocation length of zero indicates that no bytes are to be transferred by the 
drive. The drive terminates the DATA IN phase when it has transferred to the initiator either the 
number of bytes specified by the allocation length or all available data, whichever is less. 


6.4.1.4 Control Byte 


Table 6-12 Control Byte 


a 


F—Flag (Bit 1) 


The flag bit should be set to zero if the link bit is zero. If the link bit is zero and the i bit is 
one, the drive terminates the command with CHECK CONDITION status. The sense key is set 
to ILLEGAL REQUEST. 


If the flag bit is zero and the link bit is one, and if the drive finishes execution of the command, 
the drive sends a LINKED COMMAND COMPLETE message. If the flag bit is one and the 
link bit is one, the drive sends a LINKED COMMAND COMPLETE [WITH FLAG] message 


upon command completion. 
L—Link (Bit 0) 


The link bit is used to continue the I/O process across multiple commands. A link bit of one 
indicates that the initiator requests the drive to enter the COMMAND phase upon successful 
completion of the current command. A link bit of zero indicates that the initiator requests the 
drive to enter the BUS FREE phase upon completion of the current command. 


The Grand Prix XP34301/XP32151S hard disk drive does not support linked commands. 
Therefore, the flag and link bits must be set to zero by the initiator. 
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SCSI STATUS 


At the completion of each command, a status byte is sent from the drive to the initiator during 
the STATUS phase, unless one of the following events terminates the command: 


¢ An ABORT message 

e An ABORT TAG message 

¢ A BUS DEVICE RESET message 
¢ A CLEAR QUEUE message 

¢ A RESET condition 


e An unexpected disconnect 


Table 6-13 Status Byte 


BYTE | BIT 
Oe ooo 
[1 Resenveo=o | SraTuseyrecoe | Fed 


Good (00h) 


The drive successfully completed a command, without encountering an error condition. 


Check Condition (02h) 


An error, exception, or abnormal condition occurred during the drive's execution of acommand, 
which might not have completed successfully. To determine the nature of the abnormal 
condition, the initiator must issue a REQUEST SENSE command. 


Busy (08h) 


The drive is busy and unable to process a command sent by an initiator. Generally, when the 
status for the drive is BUSY, the drive has disconnected to execute a previous command and 
cannot accept an additional command at this time. The initiator must reissue the command. 


Intermediate (10h) 


The drive successfully completed a linked command, without encountering an error condition. 
Typically, the drive issues this status code for each successful command in a series of linked 
commands except for the last command, for which the link bit is zero. When an error or 
abnormal condition causes the drive to issue a CHECK CONDITION or RESERVATION 
CONELICT status code instead, execution of the series of linked commands terminates. 


This status is not sent by the Grand Prix XP34301/XP32151S hard disk drive. 
Reservation Conflict (18h) 


The drive has been reserved with a conflicting reservation type for another SCSI device. The 
initiator must reissue the command. 
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6.5.6 Queue Full (28h) 


The command queue is full and the drive cannot accept another command from an initiator until 
another slot opens in the queue. The command queue depth is 256. This status is returned 
whenever the drive receives a HEAD OF QUEUE TAG, SIMPLE QUEUE TAG, or 
ORDERED QUEUE TAG message and the command queue is full. The I/O process is not 


placed in the command queue. 


6.6 READING AND WRITING 
6.6.1 Logical Block 


The Grand Prix XP34301/XP32151S hard disk drive stores and retrieves information in a series 
of logical blocks that consist of eight-bit bytes. The drive has 512 bytes per logical block. Each 
logical block has a unique address—its Logical Block Address (LBA). The address of the first 
logical block on the drive is zero. The address of the last logical block on the drive depends on 


the drive's capacity. 
6.6.2 Logical Block Address (LBA) Ranges 
Table 6-14 LBA Ranges 


lo 3g ~ ADDRESS ADDRESS 
CAPACITY eSuE RANGE RANGE 
(DECIMAL) | (HEXADECIMAL) 


| 2153S _ 512 (200h) 0 - 4,205,099 0-402,A26h 
| 4306S 512 (200h) 0 - 8,410,199 0-805,457h 


If an initiator attempts to access a logical block at an address outside the valid address range, the 
drive terminates the command with CHECK CONDITION status. The sense key is set to 
ILLEGAL REQUEST and the additional sense code is set to INVALID LOGICAL BLOCK 


ADDRESS. 
6.6.3 Transferring Data 


The WRITE command stores logical blocks of data on the disk. The READ command retrieves 
logical blocks of data from the disk. For both READ and WRITE commands, an initiator 

specifies the LBA of the first logical block to be transferred and the total number of logical blocks 
to be transferred. For the number of logical blocks to be transferred, the drive interprets the value 
zero differently, depending on the form of READ or WRITE command used. (See Table 6-15.) 


Table 6-15 Interpretation of Zero 


[conan [6PCGDE | GROUP | TRANSFER LENGTH OF ZERO 
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The transfer length, specified in the command, and the logical block size determine the number 
of bytes transferred during the DATA IN or DATA OUT phase following the command bytes: 


Number of data bytes transferred = 512 bytes * transfer length. 
If an error occurs, the drive might transfer fewer bytes. 


6.6.3.1 RAM Buffer 


The drive contains a 512Kbyte DRAM buffer that is used for temporary storage of data. All read 
and write operations, involving data transfer, channel data through this buffer. 


The buffer is divided into five segments: 


1. 64KB to store variables for the servo DSP 


2. 32KB to store “irregular write” data, such as Write Long, Write Physical, and Head 
of Queue write commands 


3. 32KB to store system data, temporary data, and queue commands from the host 
4. 128KB to store “regular write” data (write cache data) 
5. 256KB to store read data (read cache data) 

6.6.3.2 Read Operation 


On a normal read operation, the requested data is located on the disk, transferred to the read 
buffer, and then sent to the host interface via the SCSI bus. Two independent procedures occur 
during this process. The first part involves data transfer from the disk to the read buffer. The 
second part deals with data transfer from the read buffer to the SCSI bus. 


The drive transfers data from the disk to the buffer, until the amount of data transferred from the 
disk matches the transfer length. The drive ensures that the portion of the buffer dedicated to this 
read operation does not overflow. If the area allocated becomes full, because data transfer from 
the buffer to the SCSI bus is slower than from the disk to the buffer, the drive temporarily halts 
data transfer to the buffer until space becomes available. 


Data received from the disk is simultaneously transferred out of the buffer to the SCSI bus, after 
it has been validated. This action continues until the amount of data transferred from the buffer 
matches the transfer length. If disconnection is allowed by the initiator, the drive disconnects 
whenever the portion of the buffer reserved for this read operation becomes empty, provided that 
all requested Ls has not been transferred. When the percentage of this space that is full matches 
the buffer full ratio on the Disconnect-Reconnect Page (Page Code 02h), the drive initiates a 
reconnection. The drive also attempts to reconnect if all the data required by the initiator has 
been transferred to the buffer. Once the drive reconnects to the bus, it resumes data transfer from 
the buffer to the SCSI bus. If the initiator does not allow disconnection, the drive temporarily 
halts data transfer to the SCSI bus until data becomes available. 


A ane system is provided to improve performance. The new features introduced by this 
system, that effect the normal read operation, are explained in the next two subsections. 


6.6.3.3 Read Cache 


On all read operations, before accessing the disk, the drive checks to see if read caching is enabled. 
For read caching, if the drive locates the desired data in the buffer, the drive immediately transfers 
the data to the initiator without accessing the disk. This bypasses the procedure of transferring 
the data from the disk to the read buffer that normally occurs on execution of a read operation, 
significantly reducing command overhead. 
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6.6.3.4 Pre-Fetch | 


On normal read operations, the drive transfers data from the disk to the read buffer, until the 
amount of data transferred from the disk matches the transfer length. Pre-fetch enables the drive 
to continue reading ahead beyond the normal transfer length, anticipating sequential reading, _ 
until it fills up the read buffer. | 


6.6.3.5 Write Operation 


On a normal write operation, the data to be written is sent from the initiator to the drive, stored 
in the write buffer, and then transferred to the disk. Two independent procedures occur during 
this process. The two procedures described reverse the actions of the two independent procedures 
that happen on a fea operation. The first part involves data transfer from the SCSI bus to the 

write buer, The second part deals with data transfer from the write buffer to the disk. 


The drive transfers data from the SCSI bus to the buffer, until the amount of data transferred 
matches the transfer ee If disconnection is allowed by the initiator, the drive disconnects 
whenever the portion of the buffer dedicated to this write operation is full or the amount of data 
transferred equals the transfer length. For the first condition, when the percentage of this space 
that is empty matches the buffer empty ratio on the Disconnect-Reconnect Page (Page Code 
02h), the drive initiates a reconnection. The drive also attempts to reconnect if the remaining 
number of blocks to be transferred will fit into the write buffer or if all the transferred data has 
been written to the disk. Once the drive reconnects to the bus, it either resumes data transfer from 
the SCSI bus to the write buffer or completes the command by sending status information 
accompanied by the appropriate message. 


Data received from the SCSI bus is simultaneously transferred out of the write buffer to the disk. 
This action continues until the amount of data transferred matches the transfer length. The drive 
ensures that the portion of the buffer reserved for this write operation does not underflow. If the 
area allocated becomes empty, because data transfer from the write buffer to the disk is faster than 
from the SCSI bus to the write buffer, the drive temporarily halts data transfer to the disk until 
data becomes available. 


The same caching system provided to improve performance on read operations, contains a feature 
to improve performance on write operations. The new feature introduced by this system, that 
effects the normal write operation, is explained in the next subsection. 


6.6.3.6 Write Cache 


When a write operation is executed with write caching enabled, the drive stores the data to be 
written in the write buffer and immediately sends a COMMAND COMPLETE message to the 
initiator, before the data is actually written to the disk. The initiator is then free to move on to 
other tasks, such as preparing data for the next data transfer, without having to wait for the drive 
to seek to the appropriate track or rotate to the specified sector. 


The drive immediately writes the cached data to the disk after issuing COMMAND _ 
COMPLETE. | 


Write cache allows data to be transferred in a continuous flow to the drive, rather than as 
individual blocks of data separated by disk access delays. This is achieved by taking advantage of 
the ability to write blocks of data sequentially on a disk that is formatted with a 1:1 interleave. 
This means that as the last byte of data is transferred out of the write buffer, and the head passes 
over the next sector of the disk, the first byte of the next block of data is ready to be transferred; 
thus, there is no interruption or delay in the data transfer process. 
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6.6.4 Transfer Rate 


The data transfer rate to or from the disk depends on the density of data written on the disk and 
the speed of disk rotation, which are constant. The drive has sixteen data zones with sixteen 
different transfer rates. 


If the initiator's data transfer rate across the SCSI bus is slower than the drive's data transfer rate, 
the drive stores data in its buffer on READ transfers. Many other hard disk drives interleave 
sectors on the disk to match their data transfer rate with the initiator's rate. The 512K buffer in 
the Grand Prix XP34301/XP32151S hard disk drive makes this unnecessary. The drive channels 
all READ and WRITE transfers through the buffer. 


The 512K buffer also serves as an onboard cache, called DisCache. The MODE SELECT 


command can enable or disable caching, and configure cache parameters. 


6.7 CONFIGURING THE HARD DISK DRIVE 
6.7.1 Operating Modes 


Users can change some of the drive's operating mode parameters to match their requirements. 
The MODE SELECT command allows the user to set the operating mode of the drive. The 
drive's current operating mode is determined by issuing the MODE SENSE command. The 
neta SENSE command is also useful for accessing information when setting the operating 
mode. 


As an example, a description of changing a particular operating mode parameter is given. The 
number of retries attempted by the drive when it detects a read error is a parameter commonly 
adjusted by the user. First, the initiator issues a MODE SENSE command to determine the 
drive's current configuration. During the DATA IN phase of the MODE SENSE command, the 
drive returns the current operating mode parameters to the initiator. This data includes the 
number of retries the drive attempts on detecting a read error. Then, to change the number of 
retries, the initiator sends a MODE SELECT command with the retry count set to a new value. 


6.7.2 Operating Mode Tables 


Parameters in the Current Mode Table set the drive's operating mode. Each time the drive 
executes a command, it checks the parameters in the Current Mode Table, then responds 
accordingly. Because the drive frequently accesses these parameters, the Current Mode Table 
resides in | 


The Current Mode Table in RAM is lost at power off or whenever the drive is reset. Therefore, 
the drive can save a copy of the Current Mode Table, called the Saved Mode Table, in a reserved 
area on the disk. Because the Saved Mode Table does not reside in the user data-storage area, a 
user cannot inadvertently erase it. The drive loads the parameters in the Saved Mode Table into 
the Current Mode Table at power on or after a RESET condition. 


The MODE SELECT command can copy the parameters in the Current Mode Table to the 
Saved Mode Table. If the MODE SELECT command's save pages bit is set to one, the drive 
copies all parameters in the Current Mode Table to the Saved Mode Table, after it makes any 
changes ordered by the MODE SELECT command to the Current Mode Table. Thus, users can 
permanently configure the drive to their requirements. This eliminates the need for a device 
driver to send a vendor unique MODE SELECT command following every reset. 


The Grand Prix XP34301/XP32151S hard disk drive supports two other mode tables—the 
Changeable Parameters Table and the Default Mode Table. Both of these tables reside in the 
firmware ROM and can be accessed only by the MODE SENSE command. These two tables 
cannot be modified by the user contrary to the Current Mode Table and the Saved Mode Table. 
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The Changeable Parameters Table informs an initiator about the drive's operating mode _ 
ae that can be changed. If a parameter in the Current Mode Table can be modified, all 
its in its field are set to one. If a parameter cannot be altered, all bits in its field are set to zero. 


Note: A software driver should verify that the drive supports the modification 
of an operating mode parameter before attempting to change the param- 


eter using the MODE SELECT command. 


The Default Mode Table allows the user to restore the drive to a known or reference condition. 
If, for any reason, the Current Mode Table and Saved Mode Table are inaccessible, the drive uses 


the Default Mode Table. 


COMMAND DESCRIPTIONS 


The following subsections provide detailed descriptions of the SCSI commands implemented in 
the Grand Prix XP34301/XP32151S hard disk drive. 


TEST UNIT READY (Opcode=00h) 


The TEST UNIT READY command, shown in Table 6-16, verifies that the drive is up to speed 


and prepared to accept commands requiring disk access. 


Table 6-16 TEST UNIT READY Command 


BYTE BIT 
en eo 


oa ~ OPCODE=00h 

es 
be RESERVED=0 
a 


4 RESERVED=0 


The drive returns GOOD status when it is ready to accept a command that requires disk access. 
If the drive is not ready to accept such a command, or requires initiator action—such asa START 
STOP UNIT command-—to become ready, the drive returns CHECK CONDITION status with 
the sense key set to NOT READY. | | 
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After a maximum delay of one second following power on, the drive can execute commands that 
do not require disk access. The following commands do not cause the drive to return CHECK 


CONDITION status with the sense key set to NOT READY: 


¢ REQUEST SENSE 
¢ INQUIRY 
e RESERVE 
¢ RELEASE 
¢ START STOP UNIT 
¢ WRITE BUFFER 
e READ BUFFER 
Note: _ If the drive receives an INQUIRY command before it is ready to access 


the disk, it returns the default INQUIRY data without reading the disk. 
(See Section 6.8.9, “INQUIRY (Opcode=12h).”) 


All other commands might require disk access. The drive is not ready until it has passed its 
hardware self tests, stabs its motor up to speed, retrieved its defect list and operating mode 


parameters from reserved cylinders, and calibrated its actuator and servo parameters. 


REZERO UNIT (Opcode=01h) 


The REZERO UNIT command, shown in Table 6-17, notifies the drive to position the actuator 


to cylinder zero and head zero. 


Table 6-17 REZERO UNIT Command 


OPCODE=01h 


a 
a 
cs 


RESERVED=0 


ef wee [reserves eo | 
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6.8.3 REQUEST SENSE (Opcode=03h) 


The REQUEST SENSE command, shown in Table 6-18, requests that the drive send sense data 


to the initiator. 


When the drive detects an error during execution of a command, it creates sense data for the 
initiator and sends CHECK CONDITION status. At this point, a CONTINGENT 
ALLEGIANCE condition exists, and the drive saves the sense data until this condition is cleared. 
(See Section 6.2.9.2, “CONTINGENT ALLEGIANCE Condition.”) The initiator retrieves the 
sense data by issuing a REQUEST SENSE command, simultaneously clearing the 
CONTINGENT ALLEGIANCE condition. 


The REQUEST SENSE command returns CHECK CONDITION status only to report a fatal 
error. After such an error occurs, the sense data might be invalid. Ifa non-fatal error occurs during 
execution of a REQUEST SENSE command, the drive transfers the sense data with GOOD 


Status. 


6.8.3.1 Command Structure 


Table 6-18 REQUEST SENSE Command 


er 
zs - RESERVED=0 | | 
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ef Aitocarontener 
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OPCODE=03h 


ALLOCATION LENGTH 


ALLOCATION LENGTH (Byte 4) 


This parameter specifies the maximum number of bytes allocated by the initiator for returned 
sense data. Acceptable values are O0h-FFh. The drive terminates the DATA IN phase when it has 
transferred to the initiator either the number of bytes specified by the allocation length or all 
available sense data, whichever is less. An allocation length of 18 (12h), or greater, is 
recommended for the Grand Prix XP34301/XP32151S hard disk drive. 


If the allocation length specified prevents the drive from sending all available sense data to the 
initiator, the remaining data is lost. 


6-34 Grand Prix XP34301/XP32151S 


6.8.3.2 


SCSI Description 


Extended Sense Data Format 


After the drive processes the command bytes, it transitions to the DATA IN phase to send the 
sense data. The Grand Prix XP34301/XP32151S hard disk drive reports the sense data in the 
Extended Sense Data Format, as shown in Table 6-19. 


Table 6-19 Extended Sense Data Format 


BIT 
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VLD-VALID (Byte 0, Bit 7) 


A valid bit of one indicates that the information field contains good data. A valid bit of zero 
identifies that the information field is undefined. 


ERROR CODE (Byte 0, Bits 6-0) 


This parameter reveals if the error being reported is a current error (applies to the current 
command) or a deferred error (applies to a previous command). If the error is a current error, the 
drive sets this field to 70h. If it is a deferred error, the drive sets this field to 71h. 


Deferred errors result during a command if a previously issued write command encounters an 
error when writing data to the disk. (See Section 6.6.3.6, “Write Cache.”) The drive notifies the 
initiator of this error in the current command, and points out that it applies to the write 
command by setting the error code to reflect a deferred error. 
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ILI-ILLEGAL LENGTH INDICATOR (Byte 2, Bit 5) 


Normally, the drive sets this bit to zero, indicating that the requested logical block length matches 
the logical block length on the disk. | 


However, on execution of a READ LONG or WRITE LONG command, an incorrect byte 
transfer length sets this bit to one. (See Section 6.8.33, “MODE SELECT EXTENDED 
(Opcode=55h)” and Section 6.8.28, “WRITE LONG (Opcode=3Fh).”) 


SENSE KEY (Byte 2, Bits 3-0) 


This parameter provides generic categories in which error and exception conditions can be 
reported, (See Table 6-21.) 


INFORMATION (Bytes 3-6) 


Unless specified otherwise, this field holds the Logical Block Address (LBA) associated with the 
sense key. If the drive issues a sense key of MEDIUM ERROR, this parameter communicates to 
the initiator the value that should be used when issuing a REASSIGN BLOCKS command to 


map out the defective sector. 


ADDITIONAL SENSE LENGTH (Byte 7) 


The drive sets this field to OAh to state the remaining number of sense data bytes, not including 
itself. Therefore, the total number of sense data bytes is 18 (12h). 


COMMAND SPECIFIC INFORMATION (Bytes 8-11) 


If the drive is unable to successfully complete a REASSIGN BLOCKS command, it issues 
CHECK CONDITION status with the appropriate sense information. The LBA of the first 
defect descriptor not reassigned is placed in this field. If information about that defect descriptor 
is not available, or if all defects have been reassigned, this field is set to FFFFFFFFh. 


ADDITIONAL SENSE CODE (Byte 12) 
This parameter supplies more detail describing the sense key. (See Table 6-21.) 


ADDITIONAL SENSE CODE QUALIFIER (Byte 12) 
This parameter supplies more detail describing the additional sense code. (See Table 6-21.) 


SKSV-—SENSE KEY SPECIFIC VALID (Byte 15, Bit 7) 


When SKSV is one, the field pointer, C/D, and BPV are valid. When SKSV is zero, the field 
pointer, C/D, and BPV are invalid. 


_ FIELD POINTER (Bytes 16&17) 


This parameter represents an index into either the Command Descriptor Block (CDB) bytes or 
the DATA OUT ue bytes for which the drive issued an ILLEGAL REQUEST sense key. In 
the case of multiple byte fields, the field pointer indexes the most significant byte of the field. 


C/D-COMMAND DATA (Byte 15, Bit 6) 


A command data bit of one informs the initiator that the value reported for the field pointer is 
the number of the CDB byte for which the drive issued an ILLEGAL REQUEST sense key. 


A command data bit of zero notifies the initiator that the field pointer reflects the number of a 
data byte received during the DATA OUT phase. 
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BPV-BIT POINTER VALID (Byte 15, Bit 3) 


When BPV is one, the information in the bit pointer field is correct. When BPV is zero, the bit 
pointer is null and void. 


BIT POINTER (Byte 15, Bits 2-0) 


This parameter is a pointer to the erroneous bit of the byte specified by the field pointer. 


FIELD POINTER (Byte 16 - 17) 


The field pointer field indicates which byte of the command descriptor block or of the parameter 
data was in error. Bytes are numbered starting from zero, as shown in the tables describing the 
commands and parameters. When a multiple-byte field is in error, the pointer shall point to the 
most significant (left-most) byte in the field. 


If the sense key is RECOVERED ERROR, HARDWARE ERROR or MEDIUM ERROR and 
if the SKSV bit is one, the sense-key specific field shall be defined as shown in the table below: 


Table 6-20 Actual Retry Count Bytes 


a 
Byte 
Be Peper reererets-a4 


Actual Retry Count 


Table 6-21 Error Sense Keys and Additional Sense Codes 


ADDITIONAL| ADDITIONAL 
SENSE CODE 
QUALIFIER 


ia ae SENSE. Indicates that there is no specific sense key 
ae to be reported. 


a a ne NO ADDITIONAL SENSE INFORMATION 


| | RECOVERED ERROR. Indicates that the command com- 


pleted successfully with some recovery action performed by 

the drive. Details might be determinable by examining the 
additional sense bytes and the information field. 

fH [OCH [OTH_—SSSC*WRRTTE WITHAUTOREALLOCATIONAPPLIED i 


DESCRIPTION 
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SENSE ADDITIONAL! ADDITIONAL 
KEY SENSE | SENSE CODE _ DESCRIPTION 
oo = 


iH }fH_ [on ADDRESS MARK NOT FOUND FOR 10 FIELD 
HH _|13H__|00H______ |ADDRESS MARK NOT FOUND FOR DATAFIELD 
[14H 01H |RECORDEDENTIYNOTFOUUD 
H_|1SH___|O0H_____|RANDOMPOSITIONINGERROR SS 
AH [174 |OZH______|DATAWITHOFFTRACKAPPLIED 
AH [18H |OOH______|DATAWITH ECC ERROR CORRECTIONAPPLIED ___ 
iH__|1@H__ 01H _|DATAECCERRORONLASTRETRY 
[18H 02H ______ |DATAWITH AUTO REALLOCATION APPLIED 
AH [44H |8AH______|RECOVERED HEAD MISCOMPARE 
AH [444 |86H______ |UNEXPECTED SEQUENCER ERROR 
iH__|44 95H |SEOUENCERTIMEOUTSSOSC~SCS 
HH |1CH_ OOH |REQUESTED FORMAT NOTAVAILABLE 
H__|AFH [0 | RECOVERED ECC ON THE FLY (SUPER MODE ONLY) _ 


2H NOT READY. Indicates that the drive cannot be accessed. 
(See the “TEST UNIT READY” (Opcode=00h) section in the 
SCSI chapter). Operator intervention might be required to 
correct this condition. | 


2H (04H [OOH |LOGICAL UNIT NOT READY, CAUSE NOT REPORTABLE 
an DRIVE HAS NOT BEEN TOLD TO SPIN UP 


Ci (a 
3H——|oat [si ORIVE TS SPRNNG UP 
3H MEDIUM ERROR. Indicates that the command terminated 
with a non-recovered error condition that was probably 
caused by a flaw in the medium or an error in the recorded 
30 |W 
BH [OCH 
SH |0cH [02H | WRITE ERROR, AUTO REALLOCATION FAILED ——— 
BH [OH [82H |TIMEOUTINSETTLNG SSCS 
a LR bi 2 TE 
UNCORRECTABLE DATAECC ERROR 
SH THA | 04H UNCORRECTABLE READ ERROR, AUTO REALLOCA- 
| TION FAILED 
aa | aaa 


11 oo OCH UNCORRECTABLE READ ERROR, RECOMMEND 
REWRITE DATA 


BH }2H [00H | ADDRESS MARKNOTFOUNDFORIDFIELD 
BH__[3H__[00H | DATASYNCFIELD TIMEOUTS 
BH__|82H_____|00H______ | NOMOREALTERNATE SECTORS AVAILABLE 
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SENSE ADDITIONAL; ADDITIONAL 
KEY SENSE | SENSE CODE DESCRIPTION 
——— ——— 


-ERDOE WHILE HEADING EROM LSVETEN SECIOR? = 
ae a 2 UNDERRUNERROR 
SH [aan Rae [FAILURE IN READING SECTOR DURING REASSIGN— 
SH [8SH_———S« SSH SEQUENCER TIMEOUT 
4H HARDWARE ERROR. Indicates that the drive detected a 
non-recoverabLe hardware failure while performing the com- 
mand. 


aH [02H «(OOH ~—SSSS=«SEEK TIMEOUT ERROR 
4H (03H  ([OOH {WRITE FAULT PREAMP WRITE UNSAFE 
4H OSH SEH | WARITE FAULT SERVO ERROR 


aH |osH_|e74 [WRITE GATE DURING WEDGE 
a __[08H_____[80H_____ [UNSUCCESSFUL COMMUNICATION WITH SERVO 
aH [08H [81H |SERVOHAS QUIT, OR IS UNABLE TO STARTUP 
4H_|09H____|S1H_____ |SERVO STOPPED OPERATING DURING INITIALIZATION 
oon 
ar Joa Ja! RECA FAILURE DURING KT CALIBRATION 
4H___|03H____|85H_______|SERVOFAILED TO STARTUPAFTERRESET 
4H CAN NOT SERVO ON ONE OR MORE HEAD DURING 
RECAL 

aH___|08H_____|87H______|SERVO NOT READY ON SEEK AFTER SHORT RECAL _ 
4H_|08H____[98H_____|FAILED TO SPINUP 

a 
@H__|09H_____|9DH______|MOTORNEVERGETSUPTOSPEED 


aH fis oon ————|SEEK ERROR 
aq ___|S2H____OOH_____|DEFECT TABLE IS FULL 
aH 40H 60 EXTERNAL SRAM FAILURE 


EXTERNAL RAM FAILURE 


ae — [aa —— os —— REJECT OF MESSAGE NOT SENT 


REJECT OF MESSAGE NOT SENT 
LOGICAL ASSERTION ERROR, FIRMWARE INCONSIS- 
TENCY 


@H___[44H_____ [86H [UNEXPECTED SEQUENCERERROR 
aH_[44H____[90H____ [SYNCHRONOUS ACKNOWLEDGE ERROR 
FIFO UNLOAD ERROR 

aH [4a [92H [FIFOLOADERROR SSCS 
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SENSE ADDITIONAL | ADDITIONAL | _ 
KEY SENSE SENSE CODE DESCRIPTION | 
CODE QUALIFIER | | | 
| | BSeeee ILLEGAL REQUEST. Indicates that there was an illegal 
parameter in the Command Descriptor Block (CDB) or in the 
additional parameters supplied as data. If the drive detects 
an invalid parameter in the CDB, it terminates the command 
without altering the data on the disk. If the drive detects an 
invalid parameter in the additional parameters supplied as 
dta, it might have already altered the medium. 
a PARAMETER OVERRUN 
BOW «(OOH —SSSC*SINVALIDCOMMMAND 
3a oor vate ————_— 
INVALID HEAD SPECIFIED 
BH (24H_—S*(BBH—SSSCSINVALIDCYLINDERSPECIFIED SSCS 
BH [26H «(OOH —SSSCSINVALID BITSSETINPARAMETERLIST 
BH [26H ———SAEH _—S—SSC*(BAD PARSAMETERSINMODEPAGE 
i: OI LS DE ad aa 
NIT ATTENTION. Indicates that a condition has occurred 
ate requires initiator awareness. (See the “ATTENTION 
Condition” section in the SCSI chapter) 
6H 2AH_——S(OOH SSS [MODE SELECTPARAMETERS WERE CHANGED 
6H [2FH_——S«(QOH_—SSC*[COMMANDSCLEAREDBYANOTHER INITIATOR 
6H 29H POWER ON, RESET, OR BUS DEVICE RESET 
SH jsF_—— joa OPERATING DEFINTION CHANGED 
| ABORTED COMMAND. Indicates that the drive aborted the 
command. The initiator might be able to recover by trying the 
So command again. 
BH 008 os [ABORT WESSAGE RECEIVED 
OOH =©=——<OséSYTRAMV PARRITYERRRORt—t—CS 
BH jas Joo Jessa REECTED 
BH [47H —S(OOH_—S——S—S~*SSCSTPAITVEROR 
BH [48H —=S«(OOH_—SSSSC*(INIIATORRDETECTEDERROR SCS 
BH |4EH_——SsOOH_~—SSCSC*C*INCCORRECTCONNECT— 
6.8.4 FORMAT UNIT (Opcode=04h) 
The FORMAT UNIT command, shown in Table 6-22, assigns logical blocks to physical sectors 
for optimum sequential access, within the limitation of available spare sectors. When the drive 
encounters a defect, it performs in-line sparing. If the drive is unable to do so, the current address 
to be assigned is allocated to an alternate sector reserved as a spare. The Grand Prix XP34301/ 
XP32151S hard disk drive is formatted at the factory with data undefined. 


Note: Issuing the FORMAT UNIT command typically causes loss of data. All 
data should be backed up prior to pO MIAHINE: 
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6.8.4.2 


BYTE 
ee OOo 


Oe 
[tenes] | ovr | Derecr usr aro 
a 
[RENE 
[TREES 
wares 


FMT-FORMAT DATA (Byte 1, Bit 4) 


SCSI Description 


In-Line Sparing 


On each cylinder, there is a certain number of sectors reserved as spares. When the drive finds a 
bad sector on a cylinder, it checks to see if any of these spare sectors is unused. If so, the drive is 
able to shift its assignments of LBAs over by one for all remaining sectors on that cylinder. This 
preserves the property of sequential logical blocks on the cylinder. 


Command Structure 


Table 6-22 FORMAT UNIT Command 


BIT 


OPCODE=04h 


A format data bit of one instructs the drive to go to the DATA OUT phase after receiving all of 
the command bytes. During the DATA OUT phase, the initiator transfers a defect list to the 
drive. The initiator provides these defects in terms of LBAs. The drive maps the LBAs specified 
into the corresponding physical addresses and stores these values in the aca map. Table 6-23 
and Table 6-24 show the eae of the defect list. 


A format data bit of zero informs the drive that the DATA OUT phase will not occur—that is, 


the initiator supplies neither a defect list header nor defect data. 


CMP—COMPLETE LIST (Byte 1, Bit 3) 


A complete list bit of one notifies the drive that the defect list transferred during the DATA OUT 
phase is a comprehensive list of known initiator-specified or field-replacement defects. Initiator- 
specified or field-replacement defects are kept in a list called the G LIST, which stands for grown 
list. The drive erases the previous G LIST and builds a new G LIST, using the defect list. 


A complete list bit of zero specifies that the defect list supplied by the initiator contains defective 
block data to supplement the existing G LIST. 


Note: The drive also keeps a list of factory known defects, called the P LIST or 
primary list. Together, these two lists form a working list, which the drive 
can use to locate defective areas when formatting the disk. 


DATA PATTERN (Byte 2) 


This parameter identifies the repetitive user-data pattern to be written into each sector during 
execution of the FORMAT UNIT command-if enabled by the fill data pattern bit on the 
Quantum-Unique Drive-Control Page (Page Code 39h). 
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INTERLEAVE (Bytes 3&4) 


The drive ignores any parameter value placed in this field. The Grand Prix XP34301/XP32151S 
hard disk drive performs formats using a 1:1 interleave. 


6.8.4.3 Defect List Format 


The FORMAT UNIT defect list contains a four-byte header, shown in Table 6-23, which might 
be followed by defect descriptors, shown in Table 6-24. Each defect descriptor carries the four- 
byte address of a logical block that contains a defect. 


Table 6-23 FORMAT UNIT Defect List — Header 


BYTE BIT 
eM STS eo 


RESERVED=0 


Ce Se... a 
5 hee ed ee ee ee 
7 re... aa 
i ae 


The Grand Prix XP34301/XP32151S hard disk drive supports FOV and 
DPRY. The remaining six bits of byte 1 are all unsupported. X denotes that 
any value can be given for this bit. The drive ignores this bit, and any param- 
eter value placed in this bit has no bearing on the command. 


FOV-FORMAT OPTIONS VALID (Byte 1, Bit 7) 


A format options valid bit of one indicates that the initiator authorizes the setting of bit 6-DPRY. 
A format options valid bit of zero tells the drive to use its default format scheme for the function 
defined by bit 6. When FOV is zero, the initiator must set DPRY to zero. 


_ DPRY-DISABLE PRIMARY (Byte 1, Bit 6) 


When DPRY is one, the drive excludes the factory defect map—primary list or P LIST—from 
its list of defects to be managed on formatting. When DPRY is zero, the drive includes the P 
LIST. | 


By default, the Grand Prix XP34301/XP32151S hard disk drive includes the factory defect map 


when formatting. 


DEFECT LIST LENGTH (Bytes 2&3) 


This mean defines the defect descriptors’ total length, in bytes. Consequently, the defect list 
length is equal to four times the number of defect descriptors. The value of this parameter can be 
zero. | 
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Table 6-24 FORMAT UNIT Defect List — Block Descriptor(s) 


BIT 


a 
i 
a 
es cr 


DEFECT LBA (Bytes 0-3) 


This parameter conveys to the drive the Logical Block Address (LBA) of a defect. Once the defect 
is identified to the drive in this manner, the drive is able to mark the physical sector as bad and 
use this LBA to access a different sector. | 


6.8.4.4 Application of the FORMAT UNIT Command 


The Grand Prix XP34301/XP32151S hard disk drive offers eight formatting options. 
Table 6-25 shows the settings of the FORMAT UNIT CDB and defect list header 


required to implement each of these formatting options. 


Table 6-25 FORMAT UNIT Command Variations 


FMT FOV’ | DPRY | DEFECT DESCRIPTION 
eee 
Pe oot et aenand 

Cee |e reer 


Format with grown, or field-found, defects only— 

disregarding factory defects 

Format with existing defects sii - 

factory and grown defects 

Format with provided defects only— 

disregarding factory and existing grown defects 

1 1 >0 Format with provided defects and factory defects — 

disregarding existing grown defects 
Format with provided defects and grown defects — 
disregarding factory defects 

| oe Format with provided defects and existing defects 


Note: X denotes that these settings are irrelevant, since the DATA OUT phase 
will not occur (FMT=0). 
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6.8.5  REASSIGN BLOCKS (Opcode=07h) 


The REASSIGN BLOCKS command, shown in Table 6-26, directs the drive to reassign 
defective logical blocks to sectors reserved as spares. The drive records the physical locations of 
the defective logical blocks to the G LIST. The contents of the P LIST are not altered. 


If specified, a logical block that has previously been reassigned can be reassigned again. The 
physical address of the defective logical block is added to the drive's list of eld-found defects. 


Note: Because the drive must access spare locations, block reassignment might 
degrade its performance. The FORMAT UNIT command performs in- 
line sparing, which increases per atina However, the FORMAT 


UNIT command erases the disk's contents. 


6.8.5.1 Command Structure 


Table 6-26 REASSIGN BLOCKS Command 


OPCODE=07h 


Oe 
ee 
sev 


4 | RESERVED=0 
6.8.5.2 Defect List Format 


The initiator sends a list of the defective logical blocks, called the defect list, during the DATA 
OUT phase that immediately follows the COMMAND phase. If recoverable under the 

arameters located in the Read-Write Error Recovery Page (Page Code 01h), the data in the 
fopeeal blocks will be preserved. 


The REASSIGN BLOCKS defect list contains a four-byte header, shown in Table 6-27, followed 
by one or more defect descriptors, shown in Table 6-28. Each defect descriptor specifies the four- 
byte address of a logical block that contains a defect. 
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Table 6-27 REASSIGN BLOCKS Defect List — Header 


BIT 


A 
serve 
=| eGTUSTLENGTH Se) 
3 [FESTUS LENGTHS) 


DEFECT LIST LENGTH (Bytes 2&3) 


This parameter defines the defect descriptors’ total length, in bytes. Consequently, the defect list 
fea is equal to four times the number of defect descriptors. The value of this parameter can be 


zero. 


Table 6-28 REASSIGN BLOCKS Defect List — Block Descriptor(s) 


oreo 
a 
a 


DEFECT LBA (Bytes 0-3) 


This parameter conveys to the drive the Logical Block Address (LBA) of a defect. Once the defect 
is identified to the drive in this manner, the drive is able to mark the physical sector as bad and 
use this LBA to access a spare sector. 


If the drive has insufficient capacity to reassign all defective logical blocks, the command | 
concludes with CHECK CONDITION status. The sense key is set to HARDWARE ERROR 
and the additional sense code is set to NO DEFECT SPARE LOCATION AVAILABLE. 


Anytime the drive returns CHECK CONDITION status, the LBA of the first logical block not 
reassigned is placed in the command specific information bytes of the sense data. 
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6.8.6 | READ (Opcode=08h) 


The READ command, shown in Table 6-29, requests that the drive transfer data to the initiator 
from the disk. 


Table 6-29 READ Command 


BYTE BIT 
Fe A ae i ee 


pO OPCODE=08h 
a CBA (USB) 


a LBA (LSB) 
TRANSFER LENGTH 


a TERN 
| 5 | Wo RESERVED=0 ro | La 


LBA (Byte 1, Bits 4-0; Bytes 2&3) 
This parameter tells the drive the logical block to start reading from. 
TRANSFER LENGTH (Byte 4) 


The drive reads contiguous logical blocks, starting with the logical mee whose LBA matches the 
LBA in the Command Descriptor Block (CDB), until the number read equals the transfer length. 
A transfer length of zero directs the drive to send 256 logical blocks to t he initiator. Any other 
value represents the specific number of logical blocks to read and transfer. 


6.8.7 WRITE (Opcode=0Ah) 


The WRITE command, shown in Table 6-30, instructs the drive to write the data transferred by 
the initiator to the disk. 


Table 6-30 WRITE Command 


BIT 

AA 

a 

=  —— 
TRANSFERLENGTH 


ae 
= [we resenvenco Te 


LBA (Byte 1, Bits 4-0; Bytes 2&3) 
This parameter identifies the logical block at which to begin writing. 
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TRANSFER LENGTH (Byte 4) 


The drive writes the transferred data to the disk, starting at the logical block whose LBA matches 
the LBA in the Command Descriptor Block (CDB), until the number of contiguous logical 
blocks written equals the transfer least A transfer length of zero points out that the initiator 
will be transferring 256 logical blocks of data to the drive. Any other value represents the specific 
number of logical blocks the initiator will transfer and the drive will write. 


6.8.8 SEEK (Opcode=0Bh) 


The SEEK command, shown in Table 6-31, communicates to the drive that it should seek to the 
LBA specified. 


Table 6-31 SEEK Command 


BYTE 


ee ee ee 


OPCODE=0Bh 


— 
a 
ee 

es 


a RESERVED=0 
Os 


LBA (Byte 1, Bits 4-0; Bytes 2&3) 


This parameter identifies the logical block, from which to calculate the cylinder and head, used 
by the drive to position the actuator. 
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6.8.9 INQUIRY (Opcode=12h) 


information to the initiator. 


6.8.9.1 Command Structure 


Table 6-32 INQUIRY Command 


BYTE BIT | 
feed Sores ee ee ec es eo 
a 
ena 
| RESERVED=0 | 
a 


4 ALLOCATION LENGTH 
EVPD (Byte 1) 


The Enable Vital Product Data (EVPD) bit of one specifies that the target shall return the 
optional vital product data specified by the page code field. 


The INQUIRY command, shown in Table 6-32, asks the drive to send its identification 


An EVPD bit of 0 specifies that the target shall return the standard INQUIRY data. If the page 
code field is not zero, the target shall return CHECK CONDITION status with the sense key 
set to ILLEGAL REQUEST and an additional sense code of INVALID FIELD IN CDB. 


PAGE CODE (Byte 2) 


The page code field specifies which page of vital product data information the target shall return. 


ALLOCATION LENGTH (Byte 4) 


This parameter indicates the maximum number of bytes allocated by the initiator for returned 
INQUIRY data. Acceptable values are 00h-FFh. The drive completes the DATA IN phase when 
it has transferred to the initiator either the number of bytes specified by the allocation length or 
all available INQUIRY data, whichever is less. An allocation length of 132 (84h), or greater, is 


recommended for the Grand Prix XP34301/XP32151S hard disk drive. 
6.8.9.2 INQUIRY Data Format 


The leading bytes of the INQUIRY data, shown in Table 6-33, give detailed information about 
the type of medium contained in the drive, the standards that the drive complies to, and specific 


capabilities of the drive. 


The medium in the drive is not removable and the drive does not support asynchronous event 


notifications or the TERMINATE I/O PROCESS message. | 
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Table 6-33 INQUIRY Data Format 


eveer[ 7 [és [s [s,s [2 [+] 0 
ee ee 
0 0 0 0 


pals pada 


_* £5 50 VERSION ECMA VERSION ANSTAFPROVED VERSION 


ps; ene REED RESPONSE DAR FORT — DATA esau 


en a 

ps | oo oe 

ee ee ee 

BN hia = ati i i 
0 OR 1 


VENDOR IDENTIFICATION 
“QUANTUM” 
PRODUCT IDENTIFICATION 
QM34280GP-S QM32140GP-S 
FIRMWARE VERSION NUMBER 
“VVVV" 


| MICROCODE DATE 
ee “CCYYMMDD” 


SERIAL NUMBER 


= RESERVED 

“QO” 
CUSTOMER NAME 
a SECTOR SIZE (BYTES) 
—. BLOCK SIZE (BYTES) 


SERIAL NUMBER 


a Ea NUMBER 


[ever ese INTERFACE HARDWARE REVISION NUMBER 
ASSEMBLY CONTROL WORD 
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A wide bus 16 (WBus16) bit of one indicates that the device supports 16-bit wide data transfers. 
A value of zero indicates that the device does not support 16-bit wide data transfers. 


A synchronous transfer (Sync) bit of one indicates that the device supports synchronous data 
transfer. 


A command queuing (CmdQue) bit of one indicates that the device supports tagged command 
queuing for this logical unit. 


A transfer disable (TRANSDIS) bit of one indicates the logical unit supports the CIOP and TTD 
messages. 


PERIPHERAL DEVICE TYPE (Byte 0, Bits 4-0) 


Typically, the drive sets this field to 00h, notifying the initiator that it is a direct-access device. 
However, if the drive is not capable of supporting a device at the Logical Unit Number (LUN) 
established by the IDENTIFY message, this field is set to 1 Fh—unknown device type. 


PER QUAL-PERIPHERAL QUALIFIER (Byte 0, Bits 7-5) 


Normally, the drive sets this field to 000b to indicate that a direct-access device is currently 
connected to the logical unit of the IDENTIFY message. If the drive is not capable of supporting 
a device on this logical unit, this field is set to 011b. 


ANSI VER-ANSI-APPROVED VERSION (Byte 2, Bits 2-0) , 
The drive sets this field to 2h, notifying compliance with the ANSI SCSI-2 specification. 
RSPNSE DATA FMT—RESPONSE DATA FORMAT (Byte 3, Bits 2-0) 


The drive sets this field to 2h to point out that the data returned is in the format specified by the 
ANSI SCSI-2 specification. 


ADDITIONAL LIST LENGTH (Byte 4) 


This 4 jie ae is the length, in bytes, of the drive's identification information. Table 6-33 shows 
the identification information of the Grand Prix XP34301/XP32151S hard disk drive. 


If the allocation ses specified prevents the drive from sending all available INQUIRY data to 


the initiator, this value is not adjusted to reflect the truncation. 


VITAL PRODUCT DATA 


The initiator requests the product vital data information by setting the EVPD bit to one and 
specifying the page code of the desired vital product data. 


VITAL PRODUCT DATA PARAMETERS 


This clause describes the vital product data page structure and the vital product data pages that 
are supported. 


Table 6-34 Vital Product Data Pages Supported 


NS ORE ———$_——= DESCRIPTION 


a er ne PGE 
[81 [OPERATING DEFINTTIONS PAGE 
RE. AE FIRMWARE REVISION 

FIRMWARE DATE CODE 
oe PER SETTINGS 
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Supported Vital Product Data Pages 
Table 6-35 Supported Vital Product Data Pages 


| 7 | 6 | 5 | 4 | 8 | 2 | 1 | +O | 

| 0 | PERIPHERAL QUALIFIER PERIPHERAL DEVICE TYPE 

pt PAGE CODE (00h) 

—a RESERVED 

| 38 PAGE LENGTH 6 

ee 

The page code field is set to the value of the page code field in the INQUIRY command 
descriptor block. 


BYTE 


The pase length field specifies the length of the supported page list. If the allocation length is too 
small to transfer the entire page, the page length will not be adjusted to reflect the truncation. 


The supported page list field contains a list of vital product data page codes implemented in 
ascending order beginning with page code 00h. 


Unit Serial Number Page | 
This page provides the serial number for Grand Prix XP34301/XP32151S hard disk drives. 


Table 6-36 Unit Serial Number Page 


a ae SD Se a ee 
0 [PERIPHERAL GUALFIER | — PERPFERAL DEVIGETYPE 
eR 
es 


PRODUCT SERIAL NUMBER 


The page length field specifies the length of the product serial number. If the allocation length is 
too small to transfer the entire page, the page length will not be adjusted to reflect the truncation. 


BYTE 


If the serial number is not available, Grand Prix returns ASCII spaces (20h) in this field. 
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Implemented Operating Definition Page 


Table 6-37 Implemented Operating Definition Page 


BIT 
ee ee 
[0] PERIPHERAL GUAUIER | ___‘PERIPHERALOEVICETYPE 


La PAGE CODE (81h) 
Fe RESERVED 


PAGE LENGTH 5 


Lead 

4 [RR] —~~=COURENTOOPERATINGDEFINTION 
SE eine detillcek ce 
2 2 See... SS 
es 
= 2 ee... See: 


The page length field specifies the length of the following operating definitions. If the allocation 
length of the command descriptor block is too small to transfer the entire page, the page will not 


be adjusted to reflect the truncation. 


For each operating definition there is an associated save implemented (Savimp) bit. A Savimp bit 
of zero indicates that the corresponding operating definition parameter cannot be saved. Grand 


Prix XP34301/XP32151S hard disk drive does not save these definitions. 
All returned pps definitions use the codes defined in the following table. The current 


definition field returns the value of the present operating definition. The default operating 
definition field returns the value of the operating definition Grand Prix XP34301/XP32151S 


hard disk drive uses when power is applied. 


Table 6-38 Codes Used 


es 
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Firmware Revision Page 


Table 6-39 Firmware Revision Page 


eer | rrr 
Po? | 6 | SF] 4] 8s] 2] tf oO 
[a | PERIPHERAL GUALIFIER | FERPFERALOEVGETYRE 
a 
2 


ao Oo 
Bin 


The page code field is set to the value of the page code field in the INQUIRY command 
descriptor block. 


The page length specifies the length of the length of the firmware revision page. If the allocation 
lene is too small to transfer the entire page, the page length will not be adjusted to reflect the 
truncation. 

This page returns the firmware revision. 


Date Code Page 
Table 6-40 Date Code Page 


BYTE 


pO | PERIPHERAL QUALIFIER PERIPHERAL DEVICE TYPE 
PAGE CODE (Cith) 


ERE 
sane 
= 


DATE CODE 


The page code field is set to the value of the page code field in the INQUIRY command 
descriptor block. 


The page length field specifies the ee of the date code page. If the allocation is too small to 


transfer the entire page the page length will not be adjusted to reflect the truncation. 


This page returns the firmware date code. 
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Jumper Settings Page 


Table 6-41 Jumper Setting Page 


BIT 
ee ooo 
[0 [PERIPHERALGUALIFIER | — PERIPHERAL DEVICETYPE 
ee 
ERED 
Rae | PAGE LENGTH 2 | 


rs tener 
— 


6.8.10 


6.8.10.1 


The page code field is set to the value of the page code field in the INQUIRY command 
descriptor block. 


The page code field specifies the length of the jumper setting page. If the allocation length is too 
small to transfer the entire page the page length will not be adjusted to reflect the truncation. 


This page returns the jumper settings. 
MODE SELECT (Opcode=15h) 


The MODE SELECT command, shown in Table 6-42, provides a means for the initiator to 
specify medium, logical unit, or peripheral device parameters to the target. 

Targets that implement the MODE SELECT command also implement the MODE | 
SENSE command. Initiators should issue MODE SENSE prior to each MODE SELECT 
to determine supported pages, page lengths, and other parameters. 


Command Structure 


Table 6-42 MODE SELECT Command 


OPCODE=15h 


ea 


- RESERVED=0 
RESERVED=0 
4 MODE PARAMETER LIST LENGTH 


4 [Ose PARAMETER USTEENGT 
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When the drive motor spins up at power on, the drive reads the operating mode parameters most 
recently saved, from a reserved cylinder, and sets a UNIT ATTENTION condition for all 
initiators. The additional sense code accompanying the UNIT ATTENTION sense key is 
determined as follows: 


¢ If the drive cannot successfully read the parameter values from the Saved Mode Table, 
the drive accesses the Default Mode Table to set the state of the operating mode pa- 
rameters. The additional sense code is set to PARAMETERS CHANGED, as though 
another initiator had altered the parameters. 


e If the drive is able to read the parameter values, the additional sense code is set to 
POWER ON, RESET, OR BUS DEVICE RESET OCCURRED. 


Note: _ If the disable unit attention bit on the Quantum-Unique Drive-Control 
Page (Page Code 39h) is set to one, a UNIT ATTENTION condition 


does not occur. 


SP-SAVE PAGES (Byte 1, Bit 0) 
When SP is one, the drive copies the operating mode parameters in the Current Mode 
Table to the Saved Mode Table, after updating the Current Mode Table if pages were 
sent. When SP is zero, the drive performs the specified MODE SELECT operation and 
does not alter the contents of the Saved Mode Table. 


PF-PAGE FORMAT (Byte 1, Bit 4) 
When PF is zero, the MODE SELECT parameters are as specified in SCSI-1, (i.e., all 
parameters after the block descriptors are vendor-specific). A PF bit of one indicates that 
the MODE SELECT parameters following the header and block descriptor(s) are struc- 
tured as pages of related parameters and are as specified in SCSI-2. 
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MODE PARAMETER LIST LENGTH (Byte 4) 
The mode parameter list length field specifies the length in bytes of the mode parameter 
list that is transferred from the initiator to the target during the DATA OUT phase. A 
parameter list length of zero indicates that no data is transferred. This condition is not 
considered as an error. 


The drive uses this parameter's value to determine the length of the parameter list, and 
then transfers that many bytes. 


6.8.10.2 | Mode Parameter List Format 
The MODE PARAMETER list, shown in Table 6-43, contains a four-byte header, followed by 


zero or more block descriptors, followed by zero or more variable-length pages. The pages sent 
correspond to unique divisions of the Current Mode Table. The drive determines which pages 
are included in the mode parameter list, accesses the Current Mode Table, and aii the 
parameter values from these pages into the correct divisions. Pages are discussed separately in 
Section 6.9, Mode Pages, because they apply to both the MODE SELECT and MODE SENSE 
commands. Before using this command, or the MODE SENSE command, you should be 
familiar with the information provided regarding pages. 


Table 6-43 Mode Parameter List 


MODE PARAMETER HEADER : 
aa BLOCK DESCRIPTOR(S) 
= PAGES 


Table 6-44 shows the four-byte mode parameter header. 
Table 6-44 Mode Parameter Header 


RESERVED=0 


—— MEDIUM TYPE=0 
Le | RESERVED=0 
BLOCK DESCRIPTOR LENGTH | 


MEDIUM TYPE (Byte 1) 
This byte has a value of zero to indicate a hard disk. 


BLOCK DESCRIPTOR LENGTH (Byte 3) 

This parameter informs the drive of the block descriptor’s iesete in bytes. It is equal to the 
number of block descriptors times eight and does not include pages or vendor-specific 
parameters, if any, that may follow the last block descriptor. A block descriptor length of zero 
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indicates that there are no block descriptors in the parameter list. The Grand Prix XP34301/ 
XP32151S hard disk drive uses a single eight-byte Block descriptor. Therefore, this parameter 
must be set to either zero or one by the initiator. The format of the mode parameter block 


descriptor is shown in Table 6-45. 
Table 6-45 Mode Parameter Block Descriptor 


Bit 7 
Pa ee ee 
Lg 


NUMBER OF BLOCKS 
NUMBER OF BLOCKS (LSB) - 


RESERVED=0 
| 8 BLOCK LENGTH (MSB) 


6 BLOCK LENGTH 
7 BLOCK LENGTH (LSB) 


NUMBER OF BLOCKS (Bytes 1-3) 
This parameter conveys to the drive the number of logical blocks on the media that 
match the block length specified in this block descriptor. A value of zero notes that all 
remaining logical blocks on the drive have the media characteristics specified by the 
block descriptor. Any non zero value is ignored. 


BLOCK LENGTH (Bytes 5-7) 
The initiator must set this field to 200h, because the drive is only capable of a block 


length of 512 bytes. 


The mode page format is shown in Table 6-46. Each mode page contains a page code, a page 
length, and a set of mode parameters. The mode parameters fale up a variable number of bytes 
depending on the specific mode page. Pages are optional. They can be included in any order, 
immediately following the block descriptor. To avoid the specification of all mode parameters 
each time ae initiator issues a MODE SELECT command, the mode parameters are divided 
into pages. A page is the smallest unit that can be specified in a MODE SELECT or MODE 
SENSE command. Each time an initiator accesses a page, all parameters on that page must be 
specified. Modifiable parameters can be set to any acceptable value. 
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Table 6-46 Mode Page Format 


~ Bit } . 
Byte 

| 0 | RESERVED=0 PAGE CODE 

a ae PAGE LENGTH 


| 2andup | SEE INDIVIDUAL SECTION ON PAGES 


PAGE CODE (Byte 0, Bits 5—0) 
Pages are numbered for reference. Each page contains parameters grouped by function- 
ality. For example, page 1 contains the read/write error recovery parameters that deter- 
mine the drive’s behavior during a data-handling error, including the retry count 
parameter, and bits that turn error detection on or off, and determine whether the drive 
reports soft errors. The drive supports the pages shown in Table 6-47. 


Table 6-47 Mode Pages Supported by Grand Prix 


en 
on | Rene EroesnenyPuanaos 
a ee 
[lect [net aa raion arate id 
at Manet. 
a_i 
sei | eerie ast Conte Paria 


Quantum-Unique Drive-Control Parameters 


* Read only. Can be accessed only by means of the MODE SENSE command. 


PAGE LENGTH (Byte 1) 
Indicates the number of bytes for the page that follows, beginning with the first byte of 
flags or values, then continuing with consecutive bytes. The page length must be set to 
the value returned by the drive in the MODE SENSE page length byte. Otherwise, a 
CHECK CONDITION status will result, with a sense key of ILLEGAL REQUEST. 
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6.8.10.3. Error-Recovery Parameters, Page Code 01H 


Table 6-48 Error-Recovery Parameters 


BIT 7 BIT6 BIT5 BIT4 BITS BIT2 BIT1 BITO 


PAGE LENGTH = (OAh) 


READ RETRY COUNT 


ec 
5 | _____HEADGFFSET COUNT WOTSUPEORTED) 
[s|___PAAETROGE OFFSET COUNT NOTSUPPORTED) 
Te [waiter coUT 
ce SEED 
= 

cs 


RECOVERY TIME LIMIT = 0 (NOT SUPPORTED) 


DCR—DISABLE CORRECTION (Byte 2, Bit 0) 
When set to one, DCR indicates that the data will be transferred without correction, 
whether or not correction is possible. When set to zero, this bit indicates that the data 
will be corrected, if possible. The default is zero. 


Uncorrectable data will be transferred without attempting error-correction; however, 
retries will be attempted. If RC (bit 4 of byte 2) is set to one, the drive ignores this bit. 
The default is zero. 


DTE—DISABLE TRANSFER ON ERROR (Byte 2, Bit 1) 

When set to one and PER (bit 2 of byte 2) is also set to one, DTE indicates that the 

drive will enter CHECK CONDITION status immediately on detecting an error. The 

drive will terminate data transfer to the initiator. The block in error may or may not be 
: transferred to the initiator, depending on the setting of the TB bit. A DTE bit set to 

zero enables data transfer for any data that can be recovered within the limits of the er- 

ror-recovery flags. Errors are not posted until the transfer length is exhausted. If PER is 

zero or RC is one, the drive ignores this bit. The default is zero. 
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PER—POST ERROR (Byte 2, Bit 2) 

When set to zero, PER indicates that the drive will not enter CHECK CONDITION 
status on errors recovered within the limits established by the other error-recovery flags. 
Recovery procedures that exceed the limits established by the other error-recovery flags 
will be posted. The data transfer may terminate prior to exhausting the transfer length, 
depending on the error and state of the other error-recovery flags. A PER bit (bit 2 of 
byte 2) set to one enables CHECK CONDITION status to be reported for detected 
errors, with the appropriate sense key. If multiple errors occur, the sense data will report 
the logical block address at which the unrecoverable error occurred. If no unrecoverable 
error occurred, the sense data will report the last block in which a recovered error oc- 
curred, The default is zero. 


EEC—ENABLE EARLY CORRECTION (Byte 2, Bit 3) 
When EEC is set to one, the drive will use its ECC algorithm if it detects two consecu- 
tive, equal, nonzero error syndromes. The drive will not perform read retries before ap- 
plying correction, unless it determines that the error is uncorrectable. Seek or 
positioning retries, and the message system’s recovery-procedure retries are not affected 
by the EEC bit’s value. When set to zero, the drive will use its normal recovery proce- 
dures when an error occurs. If the RC bit is one, the drive ignores this bit. The default 
is zero. 


RC—READ CONTINUOUS (Byte 2, Bit 4) | 
When RC is set to one, the drive transfers data of the requested length, without adding 
delays that would increase data integrity—that is, delays caused by the drive's error-re- 
-_ covery scheme. To maintain a continuous flow of data and avoid delays, the drive may 
send data that is erroneous. Ignored errors will not cause a CHECK CONDITION sta- 
tus. When set to zero, time-consuming, error-recovery operations are acceptable during 
data transfer. The default is zero. 


TB—TRANSFER BLOCK (Byte 2, Bit 5) 
When TB is set to one and the DTE bit (bit 1 of byte 2) is also set to one, recovered or 
unrecoverable data in the block in error will be transferred to the initiator. When set to 
zero and the DTE bit is set to one, the block in error will not be transferred to the ini- 
tiator. When DTE is set to zero or RC is set to one, the drive ignores this bit. On un- 
recoverable errors, the drive checks TB, regardless of the state of DTE. The default is 


zero. 


ARRE—AUTOMATIC READ REALLOCATION ENABLED (Byte 2, Bit 6) 
When ARRE is set to one, the drive will enable automatic reallocation of bad blocks. 
Automatic reallocation functions similarly to the REASSIGN BLOCKS command, but 
is initiated by the drive when it encounters a hard error—that is, when it encounters the 
same nonzero ECC syndrome on two consecutive retries. When set to zero, the drive 
will not automatically reallocate bad blocks. When RC is one, the drive ignores this bit. 
The default is one. 


AWRE—AUTOMATIC WRITE REALLOCATION ENABLED (Byte 2, Bit 7) | 
When AWRE is set to one, the drive enables automatic reallocation of bad blocks. Au- , 
tomatic Write Reallocation is similar in function to Automatic Read Reallocation, but 
is initiated by the drive when a defective block becomes inaccessible for writes because 
the drive is unable to read the sector ID of the sector targeted to be written. When set 
to zero, the drive will not automatically reallocate bad blocks. The default is one. 
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READ RETRY COUNT (Byte 3) 
The number of times the drive will attempt to recover from a data error by rereading 
before it applies error correction. The default is eight. 


WRITE RETRY COUNT (Byte 8) 
The number of times the drive will attempt to rewrite data when a write error is detect- 


ed. The default is eight. 


CORRECTION SPAN (Byte 4) 
Specifies the size, in bits, of the largest read data error on which correction can be at- 
tempted. Values range from eight to twenty-four. The default is twenty-four. 


Note: The head-offset count, data-strobe offset, and Apetate -time limit (bytes 
5-7) are not supported by the Grand Prix hard disk drive. 


Table 6-49 summarizes the valid modes of operation for the Grand Prix hard disk drive. 
Table 6-49 Modes of Operation 


[EEC | PER[DTE[ DCR] __——=—=~=~SC=é SCRIPTION, 


Normal error-recovery procedure. The drive attempts read retries until it 
reads good data, obtains a stable syndrome, or exhausts the retry count. 
When correction is possible, the drive invokes ECC. Data transfer is 
complete, unless the drive encounters an uncorrectable error. The drive 
reports only uncorrectable errors. 


Same as 0,0,0,0—except the drive attempts no ECC correction. If read 
retries are unsuccessful, the drive stops the data transfer and reports an 
unrecoverable error. 


oe [|e [aterm 
Pee tiene 


Same as 0,0,0,1—except the drive reports all recoverable and unrecov- 
erable data errors. The drive reports a recoverable error after the data 
transfer is complete. 


Same as 0,0,0,0—except the drive reports all data errors. The drive re- 
ports a data error recovered through read retries after the data transfer is 
complete. 


The drive attempts read retries until it reads good data, obtains stable 
syndrome, or exhausts the retry count. If error correction is possible, the 
drive invokes ECC. The drive stops data transfer on detecting an error 

and reports all data errors. 


Same as 0,1,1,0—except the drive attempts no ECC correction. If 
read retries are unsuccessful, the drive reports an error as 
unrecoverable. 


lf error correction is possible, the drive immediately invokes ECC. 
If an error is uncorrectable, the drive attempts read retries until it 
reads good data, obtains a stable syndrome, or exhausts the retry 
count. Data transfer is complete, unless the drive encounters an 

unrecoverable error. The drive reports only unrecoverable errors. 
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Table 6-49 Modes of Operation (Continued) 


ARES ED EE (0 
Rei REA... ree 
ae ee ee |, ne 


Same as 1,0,0,0—except the drive reports all data errors. The 
drive reports a recoverable error after the data transfer is 
complete. 


Same as 1,0,0,0—except the drive stops the data transfer on 
detecting a recoverable or unrecoverable error, and reports all 
data errors. 


TT a 


6.8.10.4 Disconnect/Reconnect Control Parameters, Page Code 02H 


Table 6-50 Disconnect/Reconnect Control Parameters 


po [rs [mee | merconeeay 
es 


PAGE LENGTH = (0Eh) 
BUFFER FULL RATIO 
| 3 | BUFFER EMPTY RATIO 
(MSB) BUS INACTIVITY LIMIT 


(LSB) 
(MSB) DISCONNECT TIME LIMIT | 
(LSB) 
(MSB) ~ CONNECT TIME LIMIT 
| (LSB) 
(LSB) 


RESERVED DTDC 
RESERVED 


RESERVED 
RESERVED 
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BUFFER FULL RATIO (Byte 2) 

On reads, the drive disconnects when the buffer contains no data. For commands that 
require data transfer to the initiator, the buffer full ratio represents the percentage of the 
buffer that must become full before the drive will reconnect—unless the buffer can hold 
all requested data. A buffer full ratio of 255 (FFH) represents 100% full, 128 (80H) 
represents 50% full, and so on. Each bit represents 1/256th of the maximum buffer size. 
The default value is 217 (D9H). The drive must transfer at least 512 bytes to the buffer 
before reconnection. 


BUFFER EMPTY RATIO (Byte 3) 


For commands that require data transfer from the initiator, the buffer empty ratio rep- 
resents the percentage of the buffer that must become empty before the drive will re- 
connect to fetch more data—unless the buffer can hold all requested data. A buffer 
empty ratio of 255 (FFH) represents 100% empty, 128 (80H) represents 50% empty, 
and so on. Each bit represents 1/256th of the maximum buffer size. The default value 
is 217 (D9H). The buffer must be completely empty before reconnection. 


Note: For commands that require a logical block transfer, the drive rounds the 
buffer full ratio down and the buffer empty ratio up, to the nearest mul- 
tiple of 512 bytes. 


BUS INACTIVITY LIMIT (Byte 4) 


The bus inactivity limit field indicates the maximum time in 100 microsecond 
increments that the target is permitted to assert the BSY signal without a REQ/ACK 
handshake. If the bus inactivity limit is exceeded the target shall attempt to disconnect 
if the initiator has granted the disconnect privilege and it is not restricted by DTDC. 
This value may be rounded. A value of zero indicates that there is no bus inactivity limit. 


DISCONNECT TIME LIMIT (Byte 6) 


The disconnect time limit field indicates the minimum time in 100 microsecond 
increments that the target will wait after releasing the SCSI bus before attempting 
reselection. This value may be rounded. A value of zero indicates that there is no 
disconnect time limit. 


CONNECT TIME LIMIT (Byte 8) 


The connect time limit field indicates the maximum time in 100 microsecond 
increments that the target is allowed to use the SCSI before disconnecting if the initiator 
has granted the disconnect privilege and it is not restricted by DTDC. This value may 
be rounded. A value of zero indicates that there is no connect time limit. 


MAXIMUM BURST SIZE (Byte 10) 


The maximum burst size field indicates the maximum amount of data the target will 
transfer during a data phase before disconnecting if the initiator has granted the 
disconnect pause. This value is in increments of 512 bytes (e.g., a value of one means 
512 bytes, two means 1024 bytes, etc.) This value may be rounded. A value of zero 
indicates that there is no bus inactivity limit. 


DATA TRANSFER DISCONNECT CONTROL (Byte 12, Bit 0, 1) 


The data transfer disconnect control (DTDC) field shown in Table 6-51 defines further 
restrictions on when a disconnect is permitted. 
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Table 6-51 Data Transfer Disconnect Control 


DTDC DESCRIPTION | 


Data transfer disconnect control is not used. Disconnect is controlled by the 
other fields in this page. 


A target will not attempt to disconnect once a data transfer of a command has 
started until all data that the command is to transfer has been transferred. The 
connect time limit and bus inactivity limit are ignored during the data transfer. 


a 


A target will not attempt to disconnect once the data transfer of a command fae 
started until the command is complete. The connect time limit and bus inactivity 
limit are ignored once data transfer has started. 


If DTDC is non zero and the maximum burst size is non zero the target will return 
CHECK CONDITION status. The sense key will be set to ILLEGAL REQUEST and 
the additional sense code to ILLEGAL FIELD IN PARAMETER LIST. 


6.8.10.5 Direct-Access Device Format, Page Code 03H 


As explained in Table 6-65, the Direct-Access Device Format page is read only, and can be 
accessed by the MODE SENSE command. Please refer to the MODE SENSE command section, 
later in this chapter, for details concerning the information in this page. 


6.8.10.6 | Rigid Disk Drive Geometry Parameters, Page Code 04H 


As explained in Table 6-66, the Rigid Disk Drive Geometry Parameters page is read only, and 
can be accessed by the MODE SENSE command. Please refer to the MODE SENSE command 
section, later in this chapter, for details concerning the information in this page. 


6.8.10.7 Verify Error Recovery Parameters, Page Code 07H 
See Section 6.8.13.6 for details. 
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6.8.10.8 Cache Control, Page Code 08H 
Table 6-52 Cache Control 


i 
i 
es 


DISABLE PREFETCH TRANSFER LENGTH 


MINIMUM PREFETCH 


MAXIMUM PREFETCH 


MAXIMUM PREFETCH CEILING 


The Cache Control Parameters page specifies the parameters that control the operation of the 
cache. This page and page 37H can be used atechansebly to control the caching parameters. 
Parameters set in either page cause the drive to automatically set the corresponding parameters in 
the other page. 


WCE—WRITE CACHE ENABLE (Byte 2, Bit 2) 
When set to one, the drive will activate caching on all writes. When WCE is set to zero, 
the drive will disable caching on writes. The default is one. 


MS—MULTIPLE SELECTION (Byte 2, Bit 1) 
Not supported. 


RCD—READ CACHE DISABLE (Byte 2, Bit 0) 
Set to zero by default, indicating that the drive can return some or all of the data 
requested by a READ command by accessing the cache, rather than the disk. When the 
RCD bit is set to one, the drive must read all requested data from disk and cannot return 
any data by accessing the cache. Setting the RCD bit to one causes the drive to 
automatically set the PE and CE bits to zero in page 37H. Setting the CE bit in page 
37H causes the drive to turn off the RCD bit in this page. 


When prefetching data, the drive reads data not yet specifically requested by an initiator 
and stores it in the cache—usually in conjunction with reading requested data from 
disk. Prefetching always begins at the logical block immediately Billeaine the last 
logical block previously read and always stops before the end of the media. The drive 
reports no errors to the initiator during orechine unless it is unable to execute 
sabenucat commands successfully due to the error. | 
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6.8.10.9 Control Mode, Page Code OAH 


The control mode page, shown in Table 6-53, provides controls over several SCSI-2 
features which are applicable to all device types such as tagged queuing, extended contingent 
allegiance, asynchronous event notification, and error logging. 


Table 6-53 Control Mode Page 


BIT7| BIT6 Bits | Bir4 | BiT3 | BiT2 | Birt BIT 0 
0 | Ps | RESERVED RESERVED [ ”~”~*~”:CO@AGESCODE=0A,t—(‘:SC*S 


PAGE LENGTH = 06, 


RESERVED=0 RLEC=0 


| QUEUEALGORITHM MODIFIER MODIFIER RESERVED=0 | RESERVED-0 | QEAR DQUE 


RESERVED =0 


- READY AEN HOLDOFF PERIOD (MSB) 
a READY AEN HOLDOFF PERIOD vases 


RLEC (Byte 2, Bit 0) 
A report log exception condition (RLEC) bit of one specifies that the drive reports log 
exception conditions. A RLEC bit of zero specifies that the target does not report log 
exception conditions. The default is zero, because RLEC is not supported. 


QUEVE ALGORITHM MODIFIER (Byte 3, Bits 4-7) 
The queue algorithm modifier field specifies restrictions on the algorithm used for re- 
ordering commands that are tagged with the SIMPLE QUEUE TAG message. 


A value of zero in this field specifies that the target orders the actual execution sequence 
of the commands with a SIMPLE QUEUE tag such that data integrity is maintained 
for that initiator. This means that, if the transmission of new commands was halted at 
time, the final value of all data observable on the medium will have exactly the same 
alae as it would have if the commands had been executed in the same received 
sequence without tagged queuing. The restricted reordering value of zero is the default 
ue, and is not changeable. — 
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QERR (Byte 3, Bit 1) 
A queue error management (QERR) bit of zero specifies that remaining suspended I/O 
process resume after the contingent allegiance condition or extended contingent 
allegiance condition. 


A QERR bit of one specifies all remaining suspended I/O processes are to be aborted 

after the contingent allegiance condition or extended contingent allegiance condition. 
A UNIT ATTENTION condition is generated for each initiator that had a suspended 
I/O process aborted except for the initiator that had the contingent allegiance condition 
or extended contingent allegiance condition. The target sets the additional sense code 


to TAGGED COMMANDS CLEARED BY ANOTHER INITIATOR. 


DQUE (Byte 3, Bit 0) 
A disable queuing (DQUE) bit of zero specifies that tagged queuing is to be enabled if 
the target supports tagged queuing. A DQUE bit of one specifies that tagged queuing 
be disabled. Any queued commands for that I_T_X nexus is aborted. Any subsequent 
ueue tag message received is to be rejected with a MESSAGE REJECT message and 
he I/O process is to be executed as an untagged command. 


EECA (Byte 4, Bit 7) 
An enable extended contingent allegiance (EECA) bit of one specifies that extended 
contingent allegiance is cabled An EECA bit of zero specifies that extended 
contingent allegiance is disabled. The default value for this bit is zero, and is not 
changeable. 


RAENP, UAAENP, EAENP (Byte 4, Bits 2,1, and 0) 
The RAENP, UAAENP, and EAENP bits enable specific events to be reported via the 
asynchronous event notification protocol. When all three bits are zero, the target does 
not create asynchronous event notifications. The default value for these bits is zero, and 
is not changeable. 


RAENP (Byte 4, Bit 2) 
A ready AEN permission (RAENP) bit of one specifies that the target may issue an 


asynchronous event notification upon completing its initialization sequence instead of 
generating a UNIT ATTENTION condition. A RAENP bit of zero specifies that the 


target not issue an asynchronous event notification upon completing its initialization 
sequence. The default value for this bit is zero, and is not changeable. 
UAAENP (Byte 4, Bit 1) 


A unit attention AEN permission (UAAENP) bit of one specifies that the target may 
issue an asynchronous event notification instead of creating a UNIT ATTENTION 
condition upon detecting an event which would cause a UNIT ATTENTION 
condition (other than upon completing an initialization sequence). A UAAENP bit of 
zero specifies that the target not issue an asynchronous event notification instead of 
creating a UNIT ATTENTION condition. The default value for this bit is zero, and is 
not changeable. 


EAENP (Byte 4, Bit 0) 
An error AEN permission (EAENP) bit of one specifies that the target may issue an 
asynchronous event notification upon detecting a deferred error condition instead of 
waiting to report the deferred error on the next command. An EAENP bit of zero 
specifies that the target not report deferred error conditions via an asynchronous event 
notification. The default value for this bit is zero, and is not changeable. 
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READY AEN HOLDOFF PERIOD (Bytes 6 and 7) | | 
The ready AEN holdoff period field specifies the minimum time in milliseconds after 
the target starts its initialization sequence that it delays before attempting to issue an 
asynchronous event notification. This value may be rounded up. The default value for 


these bytes is zero, and is not changeable. 


6.8.10.10 Notch and Partition, Page Code OCH 


The Notch and Partition Page, shown in Table 6-54, contains the parameters that define the 
notch characteristics of the drive. Each notch, or zone, has a unique number of blocks per 
cylinder and spans a range of consecutive logical blocks. Notches cannot overlap, nor can a logical 


block within the boundaries of a notch be excluded from that notch. 
Table 6-54 Notch and Partition 


BIT6 BITS | BIT4 | BIT3 | BIT2 | BIT1 | BITO 


PAGE LENGTH = 16, 


p2 [noe | tpn | RESERVED=0 


RESERVED = 0 


| 45 MAXIMUM NUMBER OF NOTCHES 
ACTIVE NOTCH _ 
8-11 STARTING BOUNDARY | 


12-15 ENDING BOUNDARY 


16-23 PAGES NOTCHED 


PS—PARAMETERS SAVEABLE (Byte 0, Bit 7) 
The MODE SENSE command reserves this bit for its use. In the Grand Prix hard disk 
drive, PS is set to zero, indicating that the drive does not save the page. 


ND—NOTCHED DRIVE (Byte 2, Bit 7) 
This parameter indicates whether the drive is notched or not. Each notch has a different 
numbers of blocks per cylinder. When set to zero, ND indicates that the device is not | 
notched. The drive returns all other parameters in the page as zero. | 


When set to one, ND indicates that the device is notched. On notched, direct-access 
devices, starting and ending boundaries on the media define the notches. The drive is a 
notched device—that is, ND is set to one. This is a read-only parameter. 


LPN—LOGICAL OR PHYSICAL NOTCH (Byte 2, Bit 6) 
This parameter indicates whether the notch boundaries are physical or logical locations 
on the drive. When PLN is set to zero, the drive uses physical notch boundaries. 
Physical locations are defined by cylinder and head. When PLN is set to one, the drive 
uses logical notch boundaries. Logical locations are defined by logical block address. 
The Grand Prix hard disk drive use physical notch boundaries—PLN is set to zero. This 


is a read-only parameter. 
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MAXIMUM NUMBER OF NOTCHES (Bytes 4-5) 
This parameter defines the maximum number of notches supported by the drive. The 
drive supports a maximum of eight notches. This is a read-only parameter. 


ACTIVE NOTCH (Bytes 6-7) 
This parameter indicates the notch to which this and subsequent MODE SELECT and 
MODE SENSE commands refer—until a later MODE SELECT command changes 
this parameter. When this parameter is set to zero, this and subsequent MODE 
SELECT and MODE SENSE commands refer to those parameters that apply across 
notches. For the Grand Prix hard disk drive, valid notch numbers range from zero to 


seven. This is the only Notch and Partition Page parameter that can be set by the 
MODE SELECT command. 


STARTING BOUNDARY (Bytes 8-11) 
This parameter defines the starting address of the active notch. Only the MODE 
SENSE command can set this parameter. When active notch is set to zero, this 
ene defines the starting address of the logical unit. For drives using physical notch 
undaries (PLN=0), bytes 8—10 define the cylinder and byte 11 defines the head. For 
drives using logical notch boundaries (PLN=1), bytes 8—11 define the logical block 
address. The drive uses physical notch boundaries. This is a read-only parameter. 


ENDING BOUNDARY (Bytes 12-15) 
This parameter defines the ending address of the active notch. Only the MODE 
SENSE command can set this parameter. When active notch is set to zero, this 
ee defines the ending address of the logical unit. For drives using physical notch 
oundaries (PLN=0), bytes 12—14 define the cylinder and byte 15 defines the head. For 
drives using logical notch boundaries (PLN=1), bytes 12-15 define the logical block 
_ address. The drive uses physical notch boundaries. This is a read-only parameter. 


PAGES NOTCHED (Bytes 16-23) 
This parameter consists of a bit map of the mode page codes that indicates pages 
containing parameters that can be different for diferent notches. The most significant 
bit of this field corresponds to page 3FH; the least significant bit, to page OOH. When 
a bit is set to one, the corresponding mode page contains parameters that can be 
different for different notches. When a bit is set to zero, the corresponding mode page 
contains parameters that are constant for all notches. For the Grand Prix hard disk 
drive, the bits corresponding to pages 03H and 0CH are set to one, and are notch 
dependent. All other bits are set to zero. This is a read-only parameter. 
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6.8.10.11 Quantum Unique Automatic Shutdown Control, Page Code 32H 
Table 6-55 Automatic Shutdown Control 


Te [ReSewen-0 | ——mGEOOpEnaey 
es 
= [Ao srmr Ten) 
= [ate swToGHTE Oma 


The Automatic Shutdown option is intended to save power by parking the heads and spinning 
down the spindle if the drive remains unselected for the Auto Shurdown time. After the Auto 
Shutdown option has been triggered, the drive should still respond to the next selection, spin up 
to motor and complete the requested command as soon as possible. The fact that the drive was 
shut down should be transparent to the initiator (except for added delay required for spin up). 


The Grand Prix XP34301/XP32151S hard disk drive does not support automatic shutdown— 
the Automatic Shutdown Control page is supported for compatibility reasons only. This means 
that the vendor equipment may read the page, but all parameters are set to zero. 


AUTO STANDBY TIME (Byte 3) 
The maximum time, in seconds, that the drive can remain selected before it will enter 
the Standby mode. The heads are parked (in the landing zone) and the motor remains 
spinning. When this byte is set to zero (the default), auto standby is disabled. 


AUTO SHUTDOWN TIME (Byte 3) 
The maximum time period, in minutes, the drive can remain unselected before entering 
power-shutdown mode. On entering this mode, the heads are automatically parked in 
the landing zone and the spindle motor is shut off. When this byte is set to zero (the 
default), auto shutdown is disabled. 
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6.8.10.12 Quantum-Unique Control Parameters, Page Code 37H 


Table 6-56 Quantum-Unique Control Parameters 


Bit7 | Bite | Bits | BiT4 | BIT3 | BIT2 | BiT1 | BiTO 
po RESERVED = 0 PAGE CODE = 37, 


PAGE LENGTH = 0E,, 


(2 _[reseveo=o] ov | ov [reserved=0] Fe | of 


NUMBER OF CACHE SEGMENTS 


| 415 | RESERVED =0 


PSM—PRESERVE SYNCHRONOUS MODE (Byte 2, Bit 5) 
When PSM is set to one, the drive will not clear the table containing the synchronous- 
mode parameters for all initiators when the drive is reset. When PSM is set to zero will 
cause all these parameters to be cleared when the drive is reset. The default is zero. 


SSM—SEND SYNCHRONOUS MESSAGE (Byte 2, Bit 4) 
When SSM is set to one, the drive sends the Extended Message (01) Synchronous Data 
Transfer Request to the initiator. When SSM is set to zero, the initiator sends the 
Synchronous Data Transfer Request message. The default is zero. 


The following parameters control the operation of Quantum's DisCache. 
Mode Select page 8H can also be used to control the operation of DisCache—see 
Section 6.8.10.8, "Cache Control, Page Code 08H". When these parameters are set in 
either page, the drive automatically sets the corresponding parameters in the other page. 


PE—PREFETCH ENABLE (Byte 2, Bit 1) | 
When PE is set to one, the drive prefetches data into the cache. When PE is set to zero, 
the drive will not prefetch data into the cache. To enable the PE bit, the CE bit must 
be set to one, the iealt The drive automatically sets this bit when the RCD bit in page 
8H is set to zero. The default setting for PE is one. 


CE—CACHE ENABLE (Byte 2 Bit 0) 
When CE is set to one, the drive will activate caching on all reads. When CE is set to 
es = drive will disable caching and use the RAM only as a transfer buffer. The 
efault is one. 


The drive automatically sets this bit when the RCD bit in page 8H is set to zero. When 
the CE bit is set, the drive automatically turns off the RCD bit in page 8H. 


NUMBER OF CACHE SEGMENTS (Byte 3) 
This parameter indicates the number of segments the drive can index in the cache —that 
is, the number of entries in the cache table. Valid entries are 1 and 2. Any other entry 
will result in a CHECK CONDITION status, with the sense key ILLEGAL 
REQUEST. The default setting for this byte is one. 
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6.8.10.13 Quantum-Unique Drive Control Parameters, Page Code 39H 


Table 6-57 Quantum-Unique Drive Control Parameters 


jevre | erry | errs BIT7 | BIT6 BIT 5 BIT4 | BIT3 


| 0 | RESERVED=0 RESERVED=-0| ~+~+&PAGECODE=3% 


PAGE LENGTH = 6, 


RESERVED = 0 


DIO—DISABLE IDENTIFY OUT (Byte 2, Bit 7) 
When DIO is set to one, the drive does not require an IDENTIFY message from the 
initiator to disconnect and reconnect. When DIO is set to zero, the drive requires the 
initiator to send an IDENTIFY message prior to disconnecting. The default is zero. 


DI—DISABLE IDENTIFY IN (Byte 2, Bit 6) 
When DII is set to one, the drive does not send an IDENTIFY message after 
reconnecting to an initiator. When DII is set to zero, the drive sends an IDENTIFY 
message after reconnecting. The default is zero. 


FDB—FAST DEASSERTION OF BUSY (Byte 2, Bit 5) 
This parameter is neither used nor required by applications using the drive. It is 
aie to maintain software compatibility with Quantum's Q200 Series™ hard disk 
ives. 


RUEE—REALLOCATE UNCORRECTABLE ERROR ENABLED (Byte 2, Bit 4) 
When RUEE is set to one and the ARRE bit in page 1 of the error-recovery parameters 
is set, the drive automatically writes data containing uncorrectable errors to a different 


logical block. 


Reading the new block would result in a MEDIUM ERROR—Reallocated 
Uncorrectable Data Read, with the sense key set to 3H and the sense code to 11H. 
When RUEE is set to zero and the drive determines that a hard error it encountered is 
uncorrectable, the drive will not attempt automatic reallocation. A CHECK 
CONDITION status, with a sense key of MEDIUM ERROR—Uncorrectable Data 
Error will result. The default is zero. 


FDPE—FILL DATA PATTERN ENABLED (Byte 2, Bit 3) 
When FDPE is set to one, the drive will write the data pattern specified in byte 2 of the 
FORMAT UNIT command into every user-accessible sector on the drive when it 
executes a FORMAT UNIT come When FDPE is set to zero, the drive will ignore 
the information in byte 2 of the FORMAT UNIT command. Issuing a FORMAT 
UNIT command typically causes loss of data, even if FDPE is set to zero. Users should 
back uP their data prior to formatting. The default is one. 
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R—RESERVED (Byte 2 of Bit 2) 


This bit is reserved and must be set to zero. 


DUA—DISABLE UNIT ATTENTION (Byte 2, Bit 1) 
When DUA is set to one, the drive will not issue a CHECK CONDITION status with 
the UNIT ATTENTION sense key on the first command following a reset. The drive 
will execute the first command issued after a reset condition. When DUA is set to zero, 
a UNIT ATTENTION condition will exist following a power on, or a reset caused by 
either a BUS DEVICE RESET message or a hard RESET condition. The default is 


zero. 


DRT—DISABLE RESELECTION TIMEOUT (Byte 2, Bit 0) 
When DRT is set to one, the drive will not time out during a reselection request. When 
DRT is set to zero and there is no BSY response from the initiator after a selection time- 
out period—250 milliseconds—the drive will clear the bus. The default is zero. 


DDIS—DISABLE DISCONNECTION (Byte 3, Bit 7) 
Setting DDIS to one prevents disconnection during a data transfer. The initial 
disconnection due to thie implied seek during the execution of aREAD command is not 
prevented, but no other disconnect will occur. On a WRITE command, the drive will 
disconnect after transferring all data to the buffer. When DDIS is set to zero, 
disconnection is not suppressed. The default is zero. 


DELDIS—-DELAY OF DISCONNECTION (Byte 3, Bit 6) | 
This parameter is neither used nor required by applications using the drive. It is 
included to maintain software compatibility with Quantum's Q200 Series hard disk 
drives. The default is zero. 


DPC—DISABLE PARITY CHECKING (Byte 3, Bit 4) 
When set to zero, DCP controls parity checking of data across the SCSI bus. Setting 
DPC to one disables parity checking (the drive still generates parity, but does not 
perform parity checking). The default is zero. 


SSID—SOFTWARE SELECTABLE ID (Byte 3, Bit 3) 
When set to zero, SSID indicates the drive SCSI ID will be determined by the value set 
using the hardware ID select (see Chapter 3). When SSID is set to one, the drive SCSI 
ID is determined by the value set in SCSIADR (Byte 3, bits 2 - 0). The default is zero. 


SCSIADR—SCSI Address (Byte 3, Bits 2—0) 
When SSID (bit 3 of byte 3) is set to one, SCSIADR determines the drive’s SCSI ID. 
When changing the SCSI ID with the MODE SELECT command, the SCSI ID will 
change immediately. If at initial power on, the SSID bit is set to one—that is, if this 
bit’s previous setting was saved on the disk—the SCSIADR bits will determine the 
drive's SCSI ID. See the description of SSID, above. The default is zero. 
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6.8.11 RESERVE (Opcode=16h) 


The RESERVE and RELEASE commands form the basic mechanism for contention resolution 
in multiple-initiator systems. The RESERVE command, shown in Table 6-58, captures the drive 
for exclusive use by either the initiator issuing the command or another specified SCSI device. 


Table 6-58 RESERVE Command 


OPCODE=16h 


Oe 
[tino Taro | an rar ewce © | x0 | nersraey 
[2 | _____RESERVATIONTDENTFICATIONGOK——___—_‘|_STSPRETEH 


Note: XX denotes that any value can be given for this field. The drive ignores this field, and 
any parameter value placed in this field has no bearing on the command. 


_ 3RD-THIRD PARTY (Byte 1, Bit 4) 


When 3RD is one, the drive performs a Third Party Reservation. When 3RD is zero, the drive 
executes a Logical Unit Reservation. 


Logical Unit Reservation 


3RD PARTY DEVICE ID (Byte 1, Bits 3-1) 


This field is ignored, and can therefore be set to any value by the initiator. 


This type of reservation instructs the drive to reserve itself for the exclusive use of the initiator. 
Third Party Reservation 


3RD PARTY DEVICE ID (Byte 1, Bits 3-1) 
This parameter is the SCSI ID of the device for which the drive reserves itself. 


This type of reservation allows an initiator to reserve the drive for another SCSI device. This is 
intended for use in multiple-initiator systems that use the COPY command. 
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6.8.11.1 All Reservations 


In both cases, the reservation remains valid until: 


e The reservation is superseded by another valid RESERVE command or released 
by a RELEASE command. The RESERVE or RELEASE command must have 


been sent from the initiator that made the reservation. 
e ABUS DEVICE RESET message is received from any initiator. 
e A RESET condition is detected. 


e A power cycle occurs. 


If the drive is reserved for an initiator, the drive passes RESERVATION CONFLICT status to 
any other initiator that attempts to perform a command on it other than an INQUIRY, 
REQUEST SENSE, or RELEASE command. The drive ignores any attempt to release a 
reservation made by another initiator. 


An initiator that holds a current reservation can modify that reservation by issuing another 
RESERVE command to the drive. The superseding RESERVE command releases the previous 
reservation state when the new reservation request is granted. The current reservation is not 
modified if the superseding reservation cannot be granted. 


6.8.12 | RELEASE (Opcode=17h) 


The RELEASE command, shown in Table 6-59, frees the drive from a previous reservation. A 
reservation can be released only by the initiator that made it. It will not cause an error if an 
initiator attempts to release a reservation that is not currently valid, or is held by another initiator. 


Table 6-59 RELEASE Command 


BIT 


ee 


OPCODE=17h 


LUN=0 | SRD | 3RD PARTY DEVICE ID (NOT SUPPORTED) 


L ee RESERVATION IDENTIFICATION=XX ed 


RESERVED=0 


es 


Note: XX denotes that any value can be given for this field. The drive ignores this field, 
and any parameter value placed in this field has no bearing on the command. 


3RD-THIRD PARTY (Byte 1, Bit 4) 


When 3RD is one, the drive performs a Third Party Release. When 3RD is zero, the drive 
executes a Logical Unit Release. 
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Logical Unit Release 


3RD PARTY DEVICE ID (Byte 1, Bits 3-1) 


This field is ignored, and can therefore be set to any value by the initiator. 


This type of release causes the drive to terminate a Logical Unit Reservation that is active from 
the initiator. 


| Third Party Release 


_ 8RD PARTY DEVICE ID (Byte 1, Bits 3-1) 
This parameter is the SCSI ID of the device from which the drive releases itself. 


This type of release allows an initiator to release the drive from a previously made Third Party 
Reservation. This is intended for use in multiple-initiator systems that use the COPY command. 
The drive is only released if the reservation was made using a Third Party Reservation, by the 
initiator that is requesting the release. 


The SCSI device, from which the drive is discharged, must also be exactly the same as the one 
specified during the RESERVE command. | 
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6.8.13 MODE SENSE (Opcode=1Ah) 


The MODE SENSE command shown in Table 6-60, tells the drive to report its operating mode 
parameters to the initiator. This command complements the MODE SELECT command. 


6.8.13.1 Command Structure 


Table 6-60 MODE SENSE Command 


om | Te Te Tt Tt tt ye 
Byte 
2 


OPCODE=1Ah 


Tere 
= 


p38 | RESERVED=0 


4 ALLOCATION LENGTH 


PC-PAGE CONTROL (Byte 2, Bits 7 and 6) 


This parameter defines the type of page parameter values the drive reports. There are 
four possible types, or formats, for the fields and bits contained in each page. 


1. Current Values (00b) 
The drive sends the page, or pages, defined by the page code, with fields and 
bits set to the current operating mode values. The current values are: 


¢ Those set by the last MODE SELECT command 
successfully completed. 


¢ Identical to the saved values-if there has been no MODE 
SELECT command since the last power on or RESET 


condition. 


2. Changeable Values (01b) 
The drive send the page, or pages defined by the page code, with fields and 
bits that can be modified set to one. Fields and bits that cannot be altered by 
the initiator are set to zero. 


3. Default Values (10b) 
The drive sends the page, or pages, defined by the page code, with fields and 
bits set to the default operating mode values - that is, shipped from the factory. 
Fields and bits not supported by the drive are set to zero. 


Note: To determine whether a returned value of zero indicates a default 
parameter or an unsupported parameter, the initiator can examine 
the changeable values. 
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4. Saved Values (11b) | 


The drive sends the page, or pages, defined by the page code, with fields and 
bits set to the saved operating mode values. The saved values are: 


¢ Those set by the lat MODE SELECT command which had the save 
pages bit set to one. | : 


e Identical to the default values - if there has been no MODE 
SELECT command that had the save pages bit set to one. 


Note: For all page control parameters, the value returned in the page ee 
field indicates the number of bytes the drive supports within eac 
page. This value must be the value entered for the page length when 
issuing a MODE SELECT command. 


PAGE CODE (Byte 2, Bits 5-0) 


This parameter defines the drive of the specific page, or pages the initiator wants. 
Table 6-61 shows the page codes for the pages the drive supports. 


Table 6-61 Page Codes as a Function of Pages Supported 


‘Page Code | Page(s) Returned 


Read-Write Error Recover Page 
Disconnect-Reconnect Page 

Direct-Access Device Format Parameters Page 
Rigid Disk Drive Geometry Page 

Verify Error Recovery Page 

Cache Control Parameters Page 


Control Mode Page 

Notch and Partition Page 

Quantum-Unique Automatic-Shutdown Control Parameters Page 
Quantum-Unique Control Parameters Page 

Quantum-Unique Cache Control Page 

Quantum-Unique Drive-Control Parameters Page 

All Pages (Order=01h, 02h, ... , 39h, OOh) 


ALLOCATION LENGTH (Byte 4) 


This parameter specifies the maximum number of bytes allocated by the initiator for 
returned MODE SENSE data. Acceptable values are 00-FFh. The drive terminates the 
DATA IN phase when it has transferred to the initiator either the number of bytes 
specified by the allocation length or all available MODE SENSE data, whichever is less. 


6.8.13.2 Mode Sense Data Format 


The MODE SENSE data returned by the drive contains a four-byte header, shown in Table 6- 
62, followed by one or more pages. Before using the MODE SENSE or the MODE SELECT 
command, be familiar with the information provided regarding mode pages. 
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Table 6-62 Mode Sense Header 


Bit 
os 
MODE DATA LENGTH 


MEDIUM TYPE=0 


ar 
a 


BLOCK DESCRIPTION LENGTH=08h 


MODE DATA LENGTH (Byte 0) 
The drive transfers the MODE SENSE data during the DATA IN phase of the com- 
mand. The first byte it sends is the mode data length. This parameter informs the ini- 
tiator of the number of available MODE SENSE data bytes. The mode data length does 


not include itself. 


BLOCK DESCRIPTOR LENGTH (Byte 3) 
The Grand Prix XP34301/XP32151S hard disk drive uses a single eight-byte block de- 
scriptor. This parameter gives the initiator the block descriptor's length, in bytes. 
Therefore, the drive sets this field to 08h. 


The block descriptor is shown in Table 6-63. 
Table 6-63 Mode Sense Block Descriptor 


Pree ye tee 
ee 
[OF LOS SB 
a 
[sr oF BLOGS SH 
= 
= 
— 
se 
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NUMBER OF BLOCKS (Bytes 1-3) 
This parameter conveys to the initiator the number of logical blocks on the media that 
match the block length specified in this block descriptor. A value of zero notes that all 
remaining logical blocks on the drive have the media characteristics specified by the 
block descriptor. 


BLOCK LENGTH (Bytes 5-7) 
The drive sets this field to 200h to indicate that it supports 512 bytes per logical block. 


The MODE SENSE page descriptor is shown in Table 6-64. 
Table 6-64 Mode Sense Page Descriptor 


pha ee — ton tiahaetrelnoe 
ne 

a ae SNS renee 
[zee | REFERTOPAREDESOReTIONS 


6.8.13.3 MODE SENSE Data 


Table 6-65 shows the header, block descriptor, and page descriptors all in one table, for clarity. 
Following the table, you will find explanations of the various fields and bits. 


Table 6-65 Mode Sense Data 


Bit7 | Bite | Bits | BiT4 | BiT3 | BiT2 | BiT1 | BiTO 
| o | SENSE DATA LENGTH 

Lae 3 MEDIUM TYPE = 0 

| 2 | weeo | RESERVED = 0 

| 3 | BLOCK DESCRIPTOR LENGTH = 8 


BLOCK DESCRIPTOR 


al | DENSITY CODE = 00 
p43 


NUMBER OF BLOCKS =0 


4 | RESERVED=0—“(‘“C™C™C™C*™ 
_o | ps | Ro | ___ PAGE CODE 
ha PAGE LENGTH | 
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HEADER 


SENSE pea LENGTH (Byte 0) 
fauna Saale! specifies the length, in bytes, of the MODE SENSE data to be 
transferred during the DATA IN phase. The sense data length does not include itself. 


WP—WRITE PROTECTED (Byte 2, Bit 7) 


WP is always set to zero, indicating that the drive is write enabled. 


BLOCK DESCRIPTOR LENGTH (Byte 3) 


This parameter specifies the length of the block descriptor, in bytes, and is set to eight 
for the Grand Prix XP34301/XP32151S hard disk drives. 


BLOCK DESCRIPTOR 


The block descriptor specifies the media characteristics of the drive—in its density code, 


number of blocks, and block length. 


These characteristics are the same as those in the corresponding fields in the MODE 
SELECT parameter list. 


PAGE DESCRIPTORS 


PS—-PARAMETERS SAVEABLE (Byte 0, Bit 7) 
When PS is set to zero in a page header, the drive cannot save the supported parameters 
on that page. When PS is set to one, the drive can save the supported parameters on that 
page. The drive can save all pages with parameters that can be modified by the initiator. 


Note: See MODE SELECT (Opcode 15h) for page codes 1, 2, 8, A, C, 32, 37, and 39 (Sec- 
tion 6.8.10). 


6.8.13.4 | Direct-Access Device Format Parameters, Page Code 3H 


Table 6-66 Dairect-Access Device Format 


cee [ery [ ave [ons [era | ons [ore [ ora | are 
[0 | RESERVED-0 | ——~—~—=PAGECODE=0q) 
Lae PAGE LENGTH = 16, 

vas [SSCS PER ZONE 
Was | ”CSTERNATE SEOTORS PERZONE 
Tee | ALTERNATE TRACKS PER LOGICAL UNTT 
SS 
rizi | DATABYTES PER PHYSICAL SEGTOR 
a 
rete | ~SCMENDER SKEW FACTOR 
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DEFECT-HANDLING FIELDS 


TRACKS PER ZONE (Byte 2-3) 
The value in this field indicates the number of tracks per defect zone. For the Grand 
Prix hard disk drive, a defect zone is defined as one cylinder. Grand Prix XP32151 uses 
five tracks per defect zone and Grand Prix XP34301 uses ten tracks per defect zone. 


ALTERNATE SECTORS PER ZONE (Bytes 4—5) 
The value in this field indicates that the drive will deallocate one sector per defect zone 
from the initiator-addressable blocks on execution of the FORMAT UNIT command. 
These sectors are available as replacement sectors for defective sectors. The default value 
is one. 


ALTERNATE TRACKS PER ZONE (Bytes 6-7) 
Set to zero. The drive does not allocate alternate tracks. 


ALTERNATE TRACKS PER VOLUME (Bytes 8-9) 
Set to zero. The drive does not allocate alternate tracks. 


TRACK-FORMAT FIELD 


SECTORS PER TRACK (Bytes 10-11) 
The value in this field indicates the number of physical sectors the drive allocates per 
track. This field is set to 137, which is the number of sectors per track on the outside 
zone. The innermost zone has 72 sectors per track. 


SECTOR-FORMAT FIELDS 


DATA BYTES PER PHYSICAL SECTOR (Bytes 12-13) 
This parameter indicates the number of data bytes the drive allocates per physical sector. 
This value may be different from the block descriptor length specified in the MODE 
SELECT parameters. Each physical sector on the drive contains 512 data bytes, so this 
field is set to 512. 


INTERLEAVE (Bytes 14~15) 


The drive has an interleave factor of one, so this field is set to one. 


TRACK SKEW FACTOR (Bytes 16-17) 
This parameter indicates the number of physical sectors between the last logical block 


on one track and the first logical block on the next sequential track on the same cylinder. 
This field is set to 19. 


CYLINDER SKEW FACTOR (Bytes 18-19) 
This parameter indicates the number of physical sectors between the last logical block 
on one cylinder and the first logical block on the next sequential cylinder. This field is 
set to 25. 


_ SSEC—SOFT SECTOR (Byte 20, Bit 7) 


SSEC is always set to one, indicating that the Grand Prix hard disk drive uses soft sector 
formatting. 


HSEC—HARD SECTOR (Byte 20, Bit 6) 
HSEC is always set to zero, indicating that the Grand Prix XP34301/XP32151S hard 
disk drive does not use hard sector formatting. The HSEC and SSEC bits are mutually 
exclusive. 
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RMB—REMOVABLE (Byte 20, Bit 5) 


Set to zero for the drive, indicating that the logical unit is not removable. 


SURF—SURFACE (Byte 20, Bit 4) 
Set to zero, indicating that the drive allocates successive addresses to all sectors within a 
cylinder, prior to allocating sector addresses to the next cylinder. 


INHIBIT SAVE (INS) (Byte 20, Bit 3) 
Set to zero, indicating that the drive will save the page parameters defined by page code 
4H as a read-only page. The Mode Page is available through Mode Sense only. 
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6.8.13.5 Rigid Disk Drive Geometry Page 


The rigid disk drive geometry page as shown in Table 6-67 specifies parameters for direct-access 
devices employing a rigid disk drive. , 


Table 6-67 Rigid Disk Drive Geometry Page 


eo) PS mw] —~—~S*PAGECODE S(O) 


NUMBER OF CYLINDERS 


NUMBER OF HEADS 


(MSB) STARTING CYLINDER-WRITE PRECOMPENSATION 
| (LSB) | 
(MSB) STARTING CYLINDER-REDUCED WRITE CURRENT 
| (LSB) 
(MSB) DRIVE STEP RATE 
(LSB) 
LANDING ZONE CYLINDER | 
(LSB) 


17 RESERVED RPL 


ROTATIONAL OFFSET 


RESERVED 


(MSB) MEDIUM ROTATION RATE 


- (LSB) 


| RESERVED 


RESERVED 


= 
o 
= 


The parameters savable (PS) bit is only used with the MODE SENSE command. This bit is 
reserved with the MODE SELECT command. A PS bit of one indicates that the target is capable 


of saving the page in a non-volatile vendor-specific location. 


Note: This page is intended to define drive geometry parameters of rigid disk 
drives. It may be used for other devices if applicable. 
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The field with number of cylinders defines the number of physical cylinders used for data storage. 
The field with number of heads defines the physical number of heads used for data storage. Heads 


used exclusively for servo information are executed. 


The starting cylinder for write | aagserh arveariass field is the physical cylinder where write 
precompensation begins. The first cylinder is number zero. If the starting cylinder for write 
precompensation is equal to the value in the number of cylinder fields, write precompensation 


will be disabled by the target. 


The eee for reduced write current field is the physical cylinder at which write current 
is reduced. The first cylinder is number zero. If the starting cylinder for reduced write current is 
equal to the value in the number of cylinder fields, reduced write current will be disabled by the 
target. 


The drive step rate field indicates the step rate in 100 ns increments. The target will use the drive 
step rate, greater than or equal to the drive step rate specified. If the target rounds this field it will 
terminate the command. A value of zero requests the target to set its default value. 

The landing zone cylinder field indicates two’s complement location where the target will 
position the disk heads. A negative value indicates shat the heads are positioned below cylinder 
zero by that number of cylinders. A positive value greater than the number of cylinders indicates 
that the heads are positioned beyond the cylinders used for data storage at the cylinder location 
specified. A zero indicates that the default should be used. 


The rotational position locking (RPL) field is used for spindle synchronization as defined in 
Table 6-68. 


Table 6-68 Rotational Position Locking 


DESCRIPTION 


INDICATES THAT SPINDLE SYNCHRONIXATION IS DISABLED OR NOT 
SUPPORTED 


| O1b ~ THE TARGET OPERATES AS A SYNCHRONIZED-SPINDLE SLAVE 


THE TARGET OPERATES AS A SYNCHRONIZED-SPINDLE MASTER. 
THE TARGET OPERATES A S A SYNCHRONIZED-SPINDLE MASTER CONTROL 


Note: The signals and connectors used for rotational position locking are exter- 
nal to the SCSI bus and are not part of this standard. 


If a target fails to achieve synchronization it will create a unit attention condition to all 
initiators. The sense key will be set to UNIT ATTENTION and the additional sense code set to 
RPL STATUS CHANGE. 


If subsequent to achieving synchronization the target detects a change of synchronization and if 
the logical unit is not presently executing an I/O process for the initiator, the target will create a 
UNIT ATTENTION and the additional sense code set to RPL STATUS CHANGE. 


Also, if prior to achieving synchronization the target detects a change of synchronization and if 
the logical unit is presently executing an I/O process and no other error occurs, then the target 
will return CHECK CONDITION status. The sense key will be set to RECOVERED ERROR 
if the target is able to complete the I/O process or HARDWARE ERROR if the target is unable 
to complete the I/O process. The additional sense code is set to RPL STATUS CHANGE. 
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The rotational offset indicates the amount of rotational skew that the target will use when 
synchronized. The rotational skew is applied in the retarded direction (lagging the synchronized — 
spindle master control). The value in he field is the numerator of a fractional multiplier that has 
256 as its denominator (e.g. a value of 128 indicates a one-half resolution skew). A value of zero 
indicates that the rotational offset will not be used. The rotational offset is not used when a target 
is configured as synchronized-spindle master. 7 


The medium rotation rate indicates the speed at which the medium rotates. The unit measure is 
rotations per minute (e.g., 3600 rpm). | 


6.8.13.6 Verify Error Recovery Page 


The oy recovery page as shown in Table 6-69 specifies the error recovery parameters the target 
will use during the VERIFY command, the verify operation of the WRITE AND VERIFY 
command aad the verify operation of the COPY AND VERIFY command. 


Table 6-69 Verify Error Recovery Page 


a [Ps [Ra] ~SCPAGECODESOM) 
—a PARAMETER LENGTH = (OAh) 
2 [_Resewveo [erm | PER] OTE | CR 
a [VERY RETRYCOUNT 
4 [VERIFY CORRECTION SPAN 
sf SERVED 
Oe 
seve 
RESERVED 


RESERVED __ 


| 10 (MSB) VERIFY RECOVERY TIME LIMIT | | 
ca a 


The parameter savable (PS) bit is only used with the MODE SENSE command. This bit is 
reserved with the MODE SELECT command. A PS bit of one indicates that the target is capable 


of saving the page in a non-volatile vendor-specific location. 


The AWRE bit as defined in the read-write error recovery page applies to the WRITE AND 
Me hae command. The VERIFY and COMPARE commands will not perform automatic 
reallocation. | 


The COPY and COPY AND VERIFY commands might or might not perform automatic 
reallocation depending on the settings of the mode parameters. 


The verify retry count field specifies the number of times the target will attempt its recovery 
algorithm during a verify operation. If the verify retry count and the verify recovery time limit 
are both specified, the one that requires the least time for data error recovery actions will have 


priority. | 
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The verify correction span field specifies the size, in bits of the largest burst data error for which 
data error correction may be attempted. If the target does not implement this field, a value of zero 
is returned in MODE SENSE data. 


The verify recovery time limit field specifies in increments of one millisecond the maximum time 
duration that the target will use error recovery procedures to recover data for an individual logical 
block. If the verify retry count and the verify recovery time limits are both specified, the one that 
requires the least time for data error recovery actions will have priority. 


Note: To disable all types of corrections and retries the initiator should set the 
EER bit to zero, the PER, DTE and DCR bits to one and the number of 


retries and recovery time limit to zero. 


6.8.13.7 Quantum Unique Cache Control Parameters, Page Code 38H 


Table 6-70 Power Control Parameters 


re [RESeWeD=0[ ——~PROECODES om 
ee 
ee 
TONNER 
[WRN PRERTERARSOUITES 
= MaREETORMATIES 
6 MINIMUM PREFETCH ABSOLUTE=0 

Tee NRF AERTS 
cs OF CAEN 
14-15 RESERVED=0 


CACHE CONTROL (byte 2) 
This byte is set to 5CH. 


PREFETCH THRESHOLD (byte 3) 
This byte is set to 10H. 


MAXIMUM PREFETCH ABSOLUTE (byte 4) 
This byte is set to 0. 


MAXIMUM PREFETCH MULTIPLE (byte 5) 
This byte is set to 3. 
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MINIMUM PREFETCH ABSOLUTE (byte 6) 
This byte is set to 0. 


MINIMUM PREFETCH MULTIPLE (byte 7) 
This byte is set to 0. 


NUMBER OF CACHE HITS (bytes 8-10) 
These bytes are set to 0. 


NUMBER OF CACHE MISSES (bytes1 1-13) 
These bytes are set to 0. 


RESERVED (bytes 14-15) 
These bytes are set to 0. 


The Grand Prix XP34301/XP32151S hard disk drive does not control nor respond to this mode 


page. It has been retained to maintain compatibility with earlier drives. 
6.8.14 START STOP UNIT (Opcode=1Bh) 


The START STOP UNIT command, shown in Table 6-71, informs the drive to either enable 
itself or disable itself for media access operations. 


Table 6-71 START STOP UNIT Command 


OPCODE=1Bh 


a as es 
ef CBERVEDS 
Le 
swe resenvenero [ 0 


‘IMED-IMMEDIATE (Byte 1, Bit 0) 


An immediate bit of one causes the drive to return status information as soon as it validates the 
Command Descriptor Block (CDB). An immediate bit of zero tells the drive to return status after 
it completes the operation. 


STRT-START (Byte 4, Bit 0) 


A start bit of one requests that the drive be made ready for use. A start bit of zero asks that the 
drive be stopped (media cannot be accessed by the initiator). 


When the drive is stopped, both the spindle motor and the actuator are disabled and do not draw 
sie currents. Starting the drive requires up to twenty seconds before commands requiring 
isk access can be executed. 
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[Page Code | 
| -00h =| =—s—s—*~*~=~*é«<SUPPORRTED DIAGNOSTIC PAGES = SUPPORTED DIAGNOSTIC PAGES 
| 40h TRANSLATE ADDRESS PAGE 


SCSI Description 


RECEIVE DIAGNOSTIC RESULTS (Opcode=1Bh) 


The RECEIVE DIAGNOSTIC RESULTS command, shown in Table 6-72, tells the drive to 
send back analysis data to the initiator after completing a SEND DIAGNOSTIC command. The 
format of the returned data is determined by the page code field sent in the previous SEND 
DIAGNOSTIC command. 


Table 6-72 RECEIVE DIAGNOSTIC RESULTS Command 


OPCODE=1Ch 


i 
a 
ce 
3 Riteaarion tener 5) 
[TON LENGTHS) 
sonra 


The drive supports the Supported Diagnostics Pages page (00h) and the Translate Address Page 
(40h), as shown in Table 6-73. 


Table 6-73 Supported Diagnostic Page Codes 


If the preceding SEND DIAGNOSTIC command sends the Supported vias nostics Pages (00h) 
page, the data shown in Table 6-74 is returned by the drive after receiving the RECEIVE 
DIAGNOSTICS RESULTS command. 


Table 6-74 RECEIVE DIAGNOSTIC RESULTS-Supported Diagnostics Pages 


BIT 


eC 
ce 
2 [PAGE LENGTH OBB) eeEH 
i 
5 [SPORTED PAGER aa 
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The drive supports the Translate Address Page (40h) with Block Format as the supplied format 
and Bytes From Index as the translated format. The preceding SEND DIAGNOSTIC command 
sends the translate address page as shown in Table 6-75 and Table 6-76. 


Table 6-75 SEND DIAGNOSTIC - Translate Address Page 


BYTE ) BIT 
7 {| 6 |] 5 | 4 { 3 {| 2 {1 { 9 | 
es 


p 4 RESERVED=0 | BLOCK FORMAT = 000b 
5 RESERVED=0 | BLOCK FORMAT = 100b 


ADDRESS TO TRANSLATE 
(see block address format in Table 6-76) 


‘ Table 6-76 Block Address Format 


LOGICAL BLOCK ADDRESS (MSB) 


LOGICAL BLOCK ADDRESS (LSB) 


The drive returns the translated address in Blocks From Index (BFI) format, as shown in Table 
6-77 and Table 6-78. 
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Table 6-77 RECEIVE DIAGNOSTIC RESULTS - Translate Address Page 


BIT 
ee eet 
ef RB CODE eH) 
serv 
ae 
eT 


; ae | RESERVED=0 BLOCK FORMAT = 000b 
Ce, oe | 6) tf RESERVED =0 | BLOCK FORMAT = 100b 


ADDRESS TO TRANSLATE 
(BFI format in Table 6-78) 


Table 6-78 Bytes From Index Format 


[———<“—*~*:::”~SCSGYLINDERRNUMBER(MSB)—~COCSCS 
CYLINDER NUMBER (LSB 


ee 
eS Se 


BYTES FROM INDEX (MSB) 


BYTES FROM INDEX (LSB) 
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6.8.16 | SEND DIAGNOSTIC (Opcode=1Dh) 


The SEND DIAGNOSTIC command, shown in Table 6-79, makes the drive perform 
diagnostic tests on itself. 


Table 6-79 SEND DIAGNOSTIC Command 


OPCODE=1Dh 


ee 
ee 
eevee 
3 | PARANETERUSTLENGTICOWSE 
2 | PaRAnETERUSTLENGTICO ES 
ee 


If the self test successfully passes, the command concludes with GOOD status; otherwise, | 
CHECK CONDITION status is issued with the sense key set to HARDWARE ERROR. 


6.8.17 READ CAPACITY (Opcode=25h) 


The READ CAPACITY command, shown in Table 6-80, allows the initiator to gain access to 
information regarding the drive's capacity. 


6.8.17.1 © Command Structure | 


Table 6-80 READ CAPACITY Command 


BIT 


OPCODE=25h 


a ema 
[erase 
LF i s_<__ a 


LBA 


ee 
ef BERVEDS 
see 
sc 
ee 


6-92 Grand Prix XP34301/XP32151S 


6.8.17.2 


SCSI Description 


PMI—PARTIAL MEDIUM INDICATOR (Byte 8, Bit 0) 


When PMI is one, the drive returns the LBA and block length, in bytes, of the logical block after 
which a substantial delay in data transfer will occur. The LBA returned is greater than or equal 
to the LBA specified in the Command Descriptor Block (CDB). 


When PMI is zero, the drive reports the last logical block's LBA and block length. 


LBA (Bytes 2-5) 


If the partial medium indicator bit is one, this field should contain the LBA from which the drive 
will measure the data transfer delay. If the partial medium indicator bit is zero, the initiator must 
set this field to zero. If this parameter reflects a non-zero LBA when PMI is zero, the drive 
terminates the command with CHECK CONDITION status. The sense key is set to ILLEGAL 
REQUEST and the additional sense code is set to INVALID FIELD IN CDB. 


READ CAPACITY Data 


The eight bytes of READ CAPACITY data, shown in Table 6-81, are sent during the command's 
DATA IN phase. 


Table 6-81 READ CAPACITY Data 


BYTE BIT 


(eA (DV 


Po CRRTURNED TBARS 
RED EBA 
aS 
sf RSGKLENGTH ATES 


| 6 | BLOCK LENGTH IN BYTES 


BLOCK LENGTH IN BYTES (LSB) 
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6.8.18 READ EXTENDED (Opcode=28h) 


The READ EXTENDED command, shown in Table 6-82, requests that the anys transfer data 
to the initiator from the disk. | 


Table 6-82 READ EXTENDED Command 


OPCODE=28h 


a 
[taro Tb | race [| RESERVEDSO | RO 
Oe 
eS 
i . 
Oe 
ef SREB 

TRANSFER LENGTH (LSB) 


2 [TRANSFER LENGTH SE) 
= [wee [Reserve Re [ O 


LBA (Bytes 2-5) 
This parameter tells the drive the logical block to start reading from. 


TRANSFER LENGTH (Bytes 7&8) 


The drive reads contiguous logical blocks, starting with the logical block whose LBA matches the 
LBA in the Command Descriptor Block (CDB), until the number read equals the transfer length. 
A transfer length of zero ere in no data being transferred. 
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6.8.19 | WRITE EXTENDED (Opcode=2Ah) 


The WRITE EXTENDED command, shown in Table 6-83, instructs the drive to write the data 
transferred by the initiator to the disk. 


Table 6-83 WRITE EXTENDED Command 


BYTE BIT 


CE ee a ee 


OPCODE=2Ah 


ro 
i 
a 
Oe 
es 
ef ERED 
= 
aoe 


TRANSFER LENGTH (MSB) 
TRANSFER LENGTH (LSB) | 


LBA (Bytes 2-5) 
This parameter identifies the logical block at which to begin writing. 


TRANSFER LENGTH (Bytes 7&8) 


The drive writes the transferred data to the disk, starting at the logical block whose LBA matches 
the LBA in the Command Descriptor Block (CDB), until the number of contiguous logical 
ee written equals the transfer length. A transfer length of zero results in no data being 
transferred. 


Grand Prix XP34301/XP32151S 6-95 


SCSI Description 


6.8.20 | SEEK EXTENDED (Opcode=2Bh) 


The SEEK EXTENDED command, shown in Table 6-84, communicates to the drive that : 
should seek to the LBA specified. 


Table 6-84 SEEK EXTENDED Command 


BIT 


Po f 000”~”~”*C«PCODERZBRHO ts 


OPCODE=2Bh 


— LUN=0 RESERVED=0 
Ss LBA 4 


9 
ee 
es 

ses 


BYTE 


| 8 RESERVED=0 
a 


LBA (Bytes 2-5) 


This parameter identifies the logical block, from which to calculate the cylinder and head, used 
by the drive to position the actuator. 
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6.8.21 WRITE AND VERIFY (Opcode=2Eh) 


The WRITE AND VERIFY command, shown in Table 6-85, instructs the drive to write the data 
transferred by the initiator to the disk, and then verify that the data was written correctly. A 
medium verification is performed with no data comparison. The verification process reads the 
data written, checks this data against the ECC bytes read, and then transfers either GOOD or 
CHECK CONDITION status to the initiator. 


Table 6-85 WRITE AND VERIFY Command 


OPCODE=2Eh 


aero [Ta 
eS 


LBA 


ce 
se 
e | TRANSFERLENOTA CS 
es 


LBA (Bytes 2-5) 


This parameter identifies the ei ee block at which to begin writing. It also is the address of the 
first logical block read and verified during the verification process. 


TRANSFER LENGTH (Bytes 7&8) 


The drive writes the transferred data to the disk, starting at the logical block whose LBA matches 
the LBA in the Command Descriptor Block (CDB), until the number of contiguous logical 
blocks written equals the transfer length. It then goes back and reads the data written to the disk, 
a a that it is correct. The drive verifies logical blocks until the number of contiguous logical 
bloc : Gia equals the transfer length. A transfer length of zero results in no data being 
transferre 
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6.8.22 VERIFY (Opcode=2Fh) 
The VERIFY command, shown in Table 6-86, makes the drive check the data written on the 


disk. A medium verification is performed with no data comparison. The verification process reads 
the data written, checks this data against the ECC bytes read, and then transfers either GOOD 
or CHECK CONDITION status to the initiator. 


Table 6-86 VERIFY Command 


BYTE 


OPCODE=2Fh 


Oe 
[ere [ao] ee [eee | 
a 
A 
eS 
i 
2 [TANGER LENGTHS) 
= [wees 


LBA (Bytes 2-5) 


This parameter is the address of the first logical block read and verified during the verification 
process. 


VERIFICATION LENGTH (Bytes 7&8) 


The drive reads the data on the disk, starting at the logical block whose LBA matches the LBA in 
the Command Descriptor Block (CDB), verifying that it is correct. The drive verifies logical 
blocks until the number of contiguous logical blocks verified equals the verification length. A 
verification length of zero results in no verify operation. 


6.8.23 SYNC CACHE (Opcode=35h) 


Information not yet available. 
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READ DEFECT DATA (Opcode=37h) 


The READ DEFECT DATA command, shown in Table 6-87, requests that the drive transfer 


the media-defect data to the initiator. 
Command Structure 


Table 6-87 READ DEFECT DATA Command 


BIT 


7 { 6] 5 { 4 | 8s f 2 | i ft 0 | 
p 0 OPCODE=37h 


LUN=0 RESERVED=0 


oe | RESERVEDSO 
=| Resenves=o | FIST | GIST | DeFECTUSTFORMAT 
ee 
) 4 | RESERVED=0 

= 
es 
[ATION TENTH SB) 
a 


P LST-PRIMARY LIST (Byte 2, Bit 4) 


When P LST is one, the drive returns the primary list of defects as part of the defect data. When 
P LST is zero, the drive excludes the Primary List from the defect data sent to the initiator. 


The primary list of defects, also called the P LIST, is a record of defective sectors found on the 
medium at the factory, before the drive was shipped. 


G LST—GROWN LIST (Byte 2, Bit 3) 


When G LST is one, the drive returns the grown defect list as part of the defect data. When 
G LST is zero, the drive excludes the Grown List from the defect data sent to the initiator. 


The grown defect list, also called the G LIST, is a record of defective sectors found on the 


medium during the drive's operation. 


Note: If both P LST and G LST are one, the drive returns both lists, with the 
primary list of defects preceding the grown defect list. If both P LST and 
G LST are zero, the drive sends only the defect data header. 


DEFECT LIST FORMAT (Byte 2, Bits 2-0) 


This field is used by the initiator to indicate to the drive the preferred format for the defect list. 
If the initiator requests a format not supported by the drive, the drive will default to Physical 
Sector Format for the returned defect data. The command completes with CHECK 
CONDITION status. The sense key is set to RECOVERED ERROR _ the additional sense 
code is set to REQUESTED FORMAT NOT AVAILABLE. 
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The drive supports two defect data formats: 


¢ Physical Sector Format (101b) 


This format returns the cylinder, head, and sector of the media 
defect. 


e Bytes Offset from Index Format (100b) 


This format reports the media defect in terms of its cylinder 
and head, and the number of bytes from the index to the 


defect. The offset number given is the first byte of the defec- 
tive sector. 


ALLOCATION LENGTH (Bytes 7&8) 


This parameter indicates the maximum number of bytes allocated by the initiator for returned 
defect data. Acceptable values are O0h-FFh. The drive completes the DATA IN phase when it has 


transferred to the initiator either the number of bytes specified by the allocation length or all 
available defect data, whichever is less. 


6.8.24.2 READ DEFECT DATA Format 
The defect data, shown in Table 6-88, Table 6-89, and Table 6-90, contains a four-byte header, 


followed by a defect list composed of zero or more defect descriptors. Each defect descriptor 
carries the eight-byte location of a media defect. 


Table 6-88 READ DEFECT DATA — Header 


RESERVED=0 | 


oe RESERVED=0 PLST | GLST | DEFECT LIST FORMAT 
| 2 | DEFECT LIST LENGTH (MSB) 
ee ss DEFECT LIST LENGTH (LSB) | 


P LST-PRIMARY LIST (Byte 1, Bit 4) 


A P LST of one indicates that the data returned contains the primary list of defects. A P LST of © 
zero indicates that the data returned does not contain the Primary List. 


G LST—GROWN LIST (Byte 1, Bit 3) 


A G LST of one indicates that the data returned contains the grown defect list. A G LST of zero 
indicates that the data returned does not contain the Grown List. 


DEFECT LIST FORMAT (Byte 1, Bits 2-0) 


This parameter specifies the actual format of the defect list—Physical Sector Format (101b) or 
Bytes Offset from Index Format (100b). The defect data is presented in one format only; there 


is no intermixing of Physical Sector Format defect descriptors with Bytes Offset from Index 
defect descriptors. | 
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DEFECT LIST LENGTH (Bytes 2&3) 


The drive communicates to the initiator the length of the defect list, in bytes, through the defect 


list length. 


Since the defect list consists entirely of eight-byte block descriptors, this parameter's value is equal 
to the number of block descriptors times eight. 


If the allocation length is insufficient to allow the transfer of all defect descriptors, the defect list 
length is not adjusted to reflect their truncation. 


Table 6-89 READ DEFECT DATA — Defect Descriptor(s) in Physical Sector Format 


BIT 


a are oBER BH —— — 
es 
= [SNE NUMBERS) 
i 
ee 
8 [RESTORE 


Table 6-90 READ DEFECT DATA — Defect Descriptor(s) in Bytes-Offset-from-Index Format 


of «MINDER UNSERE) 
Oe 
= [NDE NUMBER ESB 
Le 
Oe 
Oe 
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6.8.25 WRITE BUFFER (Opcode=3Bh) 


The WRITE BUFFER Caan shown in Table 6-91, is used in conjunction with the READ 
BUFFER command to test the drive's memory and the integrity of the SCSI bus. This command 
does not alter the media. 


Table 6-91 WRITE BUFFER Command 


OPCODE=3Bh 


Os 
A AA nF 
a 
| 
Fe 
i 
[ana ERSTCeNeTH wR] 
(= Paraerenisrcenar 
(8 | ____PARAWETERUSTUENGTHGS) 
a 


MODE (Byte 1, Bits 2-0) 


The function of this command and the meaning of the fields within the CDB depend on the 
contents of this field. (See Table 6-92.) In all cases, a DATA OUT phase occurs after the 
requested mode is determined. The use of the DATA OUT phase is mode specific. To determine 
the initiator's role and the meaning of the bytes crossing the bus, the following subsections are 
given. 


Table 6-92 WRITE BUFFER Mode Field 


Lit i i a... 

eR ee 

Oe | lien 
(Vendor rique) 

£2 S4ES ee 

| 0 | 1 [| 1 | Reseved Reserved 

Co | [sata 
(Download aie 

Pe ee Ci iccectacermatencmeet 


ae freon 
TT ee 
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Combined Header and Data Mode (000b) 


In this mode, a four-byte header that contains all reserved bytes precedes the data to be 
transferred. The drive writes the data supplied by the initiator to its data buffer beginning at the 
buffer's first byte. 


BUFFER ID (Byte 2) 


The initiator must set this field to zero. 


BUFFER OFFSET (Bytes 3-5) 


These bytes are reserved and must be set to zero. 


PARAMETER LIST LENGTH (Bytes 6-8) 


This parameter tells the drive the number of bytes to transfer from the initiator during the DATA 
OUT phase. This number includes four bytes of header, so the data length to be stored in the 
drive's buffer is parameter list length minus four. 


The initiator should ensure that the parameter list length is not greater than four plus the buffer 
capacity. The buffer capacity can be found in the header sent by the drive in response to a READ 
BUFFER command having mode=000b. Therefore, since the value returned in the header is 
60000h, the maximum parameter list length is 60004h. If the parameter list length exceeds this, 
the drive terminates the command with CHECK CONDITION status. The sense key is set to 
ILLEGAL REQUEST and the additional sense code is set to INVALID FIELD IN CDB. 


Data Mode (010b) 


In this mode, the DATA OUT phase contains buffer data. Data is written to the drive buffer 
starting at the first byte of the specified segment. | 


BUFFER ID (Byte 2) 


These bytes are reserved and must be set to zero. 


BUFFER OFFSET (Bytes 3-5) 


This field contains the offset within the buffer at which the write data will be loaded. The number 
must be an even offset. 


PARAMETER LIST LENGTH (Bytes 6-8) 


The parameter list length provides the drive with information regarding the number of bytes to 
transfer from the initiator during the DATA OUT phase. 


The initiator should ensure that the parameter list length does not exceed the capacity of the 
chosen segment. The segment's capacity is available in the READ BUFFER descriptor. If the 
parameter list length specifies a transfer that would exceed the capacity, the drive terminates the 
command with CHECK CONDITION status. The sense key is set to ILLEGAL REQUEST 
and the additional sense code is set to INVALID FIELD IN CDB. 


Download Microcode and Save Mode (101b) 


In this mode, microcode or control information is transferred to the drive and, if the WRITE 
BUFFER command is completed successfully, saved in a non-volatile memory space. The 
downloaded code is then effective after each power-cycle and RESET condition, until it is 
replaced by new code in another download microcode and save operation. This mode will operate 
properly if and only if the microcode is provided by Quantum. 


BUFFER ID (Byte 2) 


This field is ignored, and can therefore be set to any value by the initiator. 
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BUFFER OFFSET (Bytes 3-5) | 
This field is ignored, and can therefore be set to any value by the initiator. 


PARAMETER LIST LENGTH (Bytes 6-8) 


The initiator must set this field to CO00h for correct operation, because this is the length of the 
Quantum provided microcode. 


When the download microcode and save command has completed successfully, the drive 
generates a UNIT ATTENTION condition for all initiators except the one that issued the 
WRITE BUFFER command. 


When reporting the UNIT ATTENTION condition, the drive sets the additional sense code to | 
TARGET OPERATING CONDITIONS HAVE CHANGED. x 
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6.8.26 READ BUFFER (Opcode=3Ch) 


The READ BUFFER command, shown in Table 6-93, is used in conjunction with the WRITE 
BUFFER command to test the drive's memory, and the integrity of the SCSI bus. This command 
does not alter the media. 


Table 6-93 READ BUFFER Command 


BYTE 

7 {| 6 | 5 |] 4 {3 { 2] 1] 0 | 
i 
eR 
[aR OFFSET RH 
3 [BER OFFSETS 
na 
a 


8 [AG GATONTENTH SB 


MODE (Byte 1, Bits 2-0) 


The function of this command and the meaning of the fields within the CDB depend on the 
contents of this field (see Table 6-94). 


Table 6-94 READ BUFFER Mode Field 


[era [ems [eroy MODE 
[oe [0 | Combined header end data 
Oe tier 
(Vendor unique) 
RSS 5 Se 
To [| [Bessistor 
Cae Resener 
Pe [a Resened 


ee 
Le [Reser 


ALLOCATION LENGTH (Bytes 6-8) 


This parameter specifies the maximum number of bytes allocated by the initiator for returned 
READ BUFFER data. Acceptable values are 000000h-FFFFFFh. 
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6.8.26.1 | Combined Header And Data Mode (000b) 


6.8.26.2 


In this mode, a four-byte header followed by data bytes, from the drive's data buffer, are returned 
to the initiator during the DATA IN phase. The data bytes begin with the first byte of the drive's 
data buffer and continue to the last byte, allocation length permitting. 


BUFFER ID (Byte 2) 


The initiator must set this field to zero. 


BUFFER OFFSET (Bytes 3-5) 


The initiator must set this field to zero. 


- ALLOCATION LENGTH (Bytes 6-8) 


The drive terminates the DATA IN phase when it has transferred to the initiator either the 
allocated number of bytes or all available header and buffer data, whichever is less. 


Table 6-95 READ BUFFER — Header 


ep RERVEDSD 
= [FER GRP 
| RFFER CARROTS 


BUFFER CAPACITY (Bytes 1-3) 


This parameter is the total number of data bytes that the drive's data buffer can retain. This 
number is not reduced to reflect the allocation length, nor is it reduced to reflect the actual 
number of bytes written using the WRITE BUFFER command. 


Following the READ BUFFER header, the drive transfers data from its data buffer. The number 
of data bytes sent after the header either equals the allocation length minus four or 416 kilobytes, 


whichever is less. 


Data Mode (010b) 


In this mode, the DATA IN phase contains buffer data. Data is transferred from the drive buffer 
starting at the first byte of the specified segment. 


_ BUFFER ID (Byte 2) 


These bytes are reserved and must be set to zero. 


BUFFER OFFSET (Bytes 3-5) 
_ This field contains the offset within the buffer at which the write data will be loaded. The number 


must be an even offset. 


ALLOCATION LENGTH (Bytes 6-8) 


The drive terminates the DATA IN phase when it has transferred to the initiator either the 
allocated number of bytes or all available buffer data from the selected segment, whichever is less. 
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Descriptor (011b) 


In this mode, READ BUFFER descriptor information is returned. The DATA IN phase number 


of bytes does not exceed four. 


BUFFER ID (Byte 2) 


This parameter provides a way for the initiator to access information on each of the buffer's 
segments. The initiator communicates to the drive the desired segment's number by placing it in 
this field. The drive supports only buffer 0. The drive places all zeroes in any other BUFFER ID 


descriptor. 


ALLOCATION LENGTH (Bytes 6-8) 


An allocation length of 4, or greater, is recommended for the Grand Prix XP34301/XP32151S 
hard disk drive. An allocation length greater than 4 results in the transfer of four bytes. Any value 


less than or equal to 4 causes that number of bytes to be sent. 


Table 6-96 READ BUFFER — Descriptor 


BIT 


i 
Se a 
ae 
Pe 


BUFFER OFFSET (Byte 0) 


The drive sets this field to 1 to indicate that it supports even buffer offsets. 


BUFFER CAPACITY (Bytes 1-3) 


This parameter notifies the initiator of the selected segment's size, in bytes. 
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6.8.27 READ LONG (Opcode=3Eh) 


The READ LONG command, shown in Table 6-97, directs the drive to transfer data to the 

initiator. The total data transferred is 526 bytes, composed of 512 data bytes, 2 cross check bytes, 

ri 12 ECC bytes, in that order. The logical block is read without any correction made by the 
ive. 


Table 6-97 READ LONG Command 


OPCODE=3Eh 


es 
BB 
ee 
i 
A a _ 
a 
eserves 
(ere reansren ier) 
8 [TE TRANGFERLENGTH CSE) 
a 


LBA (Bytes 2-5) 


This parameter is the LBA of the data sector read. 


BYTE TRANSFER LENGTH (Bytes 7&8) 


This parameter specifies the number of bytes to be transferred from the drive to the initiator. If 
the bytes are set to zero, no bytes are transferred. If the bytes are set to 526 (20Eh), for example, 
then that number of bytes are transferred. If this field is set to an illegal value, the drive terminates 
the command with CHECK CONDITION status. The sense key is set to ILLEGAL REQUEST 
and the additional sense code is set to INVALID FIELD IN CDB. The sense data's information 
field is set to the difference of the requested length minus 526 bytes (for this example). Negative 
values are indicated by two's complement notation. 
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6.8.28 WRITE LONG (Opcode=3Fh) 


The WRITE LONG command, shown in Table 6-98, directs the drive to write the data 
transferred by the initiator to the disk. The total data transferred is 526 bytes, composed of 512 
data bytes, 2 cross check bytes, and 12 ECC bytes, in that order. 


Table 6-98 WRITE LONG Command 


BIT 
SS ———— ee 
a 


LBA 


i 
es 
[TANGER LENGTHS) 
cs 


LBA (Bytes 2-5) 


This parameter is the LBA of the data sector written. 


BYTE TRANSFER LENGTH (Bytes 7&8) 


This parameter specifies the number of bytes to be transferred from the drive to the initiator. If 
the bytes are set to zero, no bytes are transferred. If the bytes are set to 526 (20Eh), for example, 
then that number of bytes are transferred. If this field is set to an illegal value, the drive terminates 
the command with CHECK CONDITION status. The sense key is set to ILLEGAL REQUEST 
and the additional sense code is set to INVALID FIELD IN CDB. The sense data's information 
field is set to the difference of the requested length minus 526 bytes (for this example). Negative 
values are indicated by two's complement notation. 


6.8.29 CHANGE DEF (Opcode = 40h) 


Information not yet available. 
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6.8.30 LOG SELECT (Opcode = 4Ch) 


BYTE 
Nadiad one nc Sor co oS en 


: 
satan 
2 re”... re: 
nei 
<a 


The error logging of the drive supports SCSI LOG SELECT (4Ch). The LOG SELECT 
command, shown in Table 6-99, provides a means for the initiator to manage statistical 
information maintained by the device about the device or its logical units. Targets that 
implement the LOG SELECT command also implement the LOG SENSE command. 
Structures in the form of log parameters within log pages are defined as a way to manage the log 
data. ee SELECT command provides for sending zero or more log pages during a DATA 
OUT phase. 


Table 6-99 LOG SELECT —Command 


BIT 


OPCODE= 4Ch 


| RESERVED=0 


RESERVED=0 


MSB PARAMETER LIST LENGTH 
PARAMETER LIST LENGTH | LSB 
CONTROL —— 


SP (Byte 0, Bit 0) 


A save parameters (SP) bit of one indicates that after performing the specified LOG SELECT 
operation the target saves to non-volatile memory all parameters identified as savable by the DS 
bit in the log page. A SP bit of zero specifies that parameters shall not be saved. 


PCR (Byte 0, Bit 1) 


A parameter code reset (PCR) bit of one and a parameter list oS of zero causes all 
implemented parameters to be set to the target-defined default values (e.g., zero). If the PCR bit 
is one and a the parameter list length is greater than zero the command is terminated with 
CHECK CONDITION status. The sense key is set to ILLEGAL REQUEST and the additional 
sense code is set to INVALID FIELD IN CDB. A PCR bit of zero specifies that the log 
parameters are not to be reset. | 


Saving of log parameters is optional and indicated for each log parameter by the DS bit in the 

page. Log parameters may be saved at vendor-specific times subject to the TSD bit in the log 
arameter. If the target does not implement saved parameters for any log parameter and the SP 
it is set to one, the command is terminated with CHECK CONDITION status. The sense key 

is set to ILLEGAL REQUEST, and the additional sense code set to INVALID FIELD IN CDB. 


It is not an error to set the SP bit to one and to set the DS bit of a log parameter to one. In this 
case, the parameter value for that log parameter is not saved. 


6-110 Grand Prix XP34301/XP32151S 


SCSI Description 


PC (Byte 2, Bits 7-6) 


The page control (PC) field defines the type of parameter values to be selected. The page control 
field is defined in Table 6-100. 


Table 6-100 Page Control Field 


006 | Curent Threstold Vales | Thread Valves 
[ore | _OurentCunuatve Vatues | Gumuatve Vales 
[106 | _DefautTvestld Values | DeautTreshld Vales 


The current cumulative values may be updated by the target or by the initiator using the LOG 
SELECT command to reflect the cumulative number of events experienced by the target. Fields 
in the parameter control byte of each log parameter control the updating and saving of the 
current cumulative parameters. 


The target sets the current threshold parameters to the default threshold values in response to a 
LOG SELECT command with the PC field set to 10b and the parameter list length field set to 


zero. 


The target sets all cumulative parameters to their default values in response to a LOG SELECT 
command with the PC field set to 11b and the parameter list length field set to zero. 


The current threshold value can only be modified by the initiator via the LOG SELECT 
command. If the initiator attempts to change current threshold values that are not available or 
not implemented for that log parameter, then the target shall terminate the LOG SELECT 
command with CHECK CONDITION status, the sense key set to ILLEGAL REQUEST, and 
the additional sense code set to INVALID FIELD IN PARAMETER LIST. The saving of 
current threshold parameters and the criteria for the current threshold being met are controlled 
by bits in the parameter control byte. 


The parameter list length field specifies the length in bytes of the parameter list that shall be 
transferred from the initiator to the target during the DATA OUT phase. A parameter list length 
of zero indicates that no pages are transferred. This condition is not to be considered an error. If 
the initiator sends page codes or parameter codes within the parameter list that are reserved or 
not implemented by the target, the target terminates the LOG SELECT command with CHECK 
CONDITION status. The sense key is set to ILLEGAL REQUEST and the additional sense 
code set to INVALID FIELD INPARAMETER LIST. 


If a parameter list length results in the truncation of any log parameter, the target terminates the 
command with CHECK CONDITION status. The sense key shall be set to ILLEGAL 
REQUEST and the additional sense code set to INVALID FIELD IN CDB. 


The initiator should send pages in ascending order by page code value if multiple pages are sent 
during a DATA OUT phase. If multiple log parameters within a page are sent during the DATA 
OUT phase then they should be sent in ascending order by parameter code value. The target shall 
return CHECK CONDITION status if the initiator sends pages out of order or parameter codes 
out of order. The sense key is set to ILLEGAL REQUEST and the additional sense code set to 
INVALID FIELD IN PARAMETER LIST. 
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The target may provide independent sets of log parameters for each logical unit or for each 
combination of logical units and initiators. If the target does not support independent sets of log 
parameters and any log parameters are changed that affect other initiators, then the target 
generates a unit attention condition for all initiators except the one that issued the LOG SELECT 
command. This unit attention condition is returned with an additional sense code of LOG 
PARAMETERS CHANGED. 


If the initiator sends a log parameter that is not supported by the target, the target terminates the 
command with CHECK CONDITION status, sets the sense key to ILLEGAL REQUEST, and 
sets the additional sense code to INVALID FIELD IN PARAMETER LIST. 


6.8.30.1 Log Page Code Assignments 
The page code assignments for the log pages are given in Table 6-101. 


Table 6-101 Log Page Code Assignments 


room| Surporediogpages 
[ah [Eror court pae ead page 
(—o4n_[Eror courier pae vent pas 
(oh [ Err court pae vert page 
[—06n[Non-nedium erorpage 


The drive supports the following log pages: Oh, 2h, 3h, 5h, 6h, and 8h. Log page 8h is a vendor- 
specific page for power-on hours. 


The parameter codes for error counter pages are as shown in Table 6-102. 
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Table 6-102 Parameter Codes for Error Counter Pages 


[e007 [Erore coveted wih possible delays 


| 0003h Total errors corrected 
0004h Total times correction algorithm processed 


For error counter page 2 (write page), Grand Prix supports parameter codes 0001h through 
000Gh. For error counter page 3 (read page), and page 5 (error page), Grand Prix XP34301/ 
XP32151S supports parameter codes 0000h through 0006h. For page 6, Grand Prix XP34301/ 
XP32151S supports parameter code 0000h (non-medium error count). For page 8, Grand Prix 
XP34301/XP32151S supports parameter code 0000h (power-on hour spin) : 


The definition for error counter pages for Grand Prix is as shown in Table 6-102. 


Table 6-103 Error Counter Page Definition 


Description 


Se a RIEL I TPE GOTT I NE YAS LP TNE TR TT I a SE I IAT SIE TI SEITE ANS CLESA SALTED LEER EE TIE TE TEE TEC EL ES ETE DE EET E ELL TE IED 


For read and verify pages error recovered by on-the-fly ECC. 
No meaning for write page. 


For read and verify pages, error recovered by ECC (not on-the-fly ECC). 
For write page, error recovered by write fault retry. 
For read and verify pages error recovered by not any kind of ECC. 

For write page, error recovered not by write fault retry. 

For read and verify pages, sum of parameter codes 0, 1, and 2. 

For write page, sum of parameter codes 1 and 2. 


For read and verify pages, total number of times ECC or retries were used 
on any read or verify errors. 

For write page, total number of retries during a write process (not including 
write fault retry). 


For read and verify pages, total number of data bytes read from the disk or 
verified. 
For write page, total number of data bytes written to the disk. 


0006h Total uncorrected errors. 


The parameter control byte fields are DU (disable update), DS (disable save), TSD (target save 
disable), ETC (enable threshold comparison), TMC (threshold met criteria), and LP (list 
parameter). The drive supports all but the LP field. 
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6.8.31 


LOG SENSE (Opcode = 4Dh) 


The LOG SENSE command, shown in Table 6-104, provides a means for the initiator to retrieve 


statistical information maintained by the device about the device or its logical units. It is a 
complementary command to the LOG SELECT command. 


Table 6-104 LOG SENSE Command 


BYTE 
Ee 
zee OPCODE= 4Dh 

RESERVED=0 | PPC | SP __ 


a 
[s| Mee CSPARAWETER PORTER 
s_[___PaRAWETER PORTERS 
Ce [______Aleearionvenera SB 
= 


SP (Byte 0, Bit 0) 


Saving parameters is an optional function of the LOG SENSE command. If the target does not 
implement saving log parameters and if the save parameters (SP) bit is one, then the target returns 


CHECK CONDITION status, sets the sense key to ILLEGAL REQUEST, and sets the 
additional sense code to INVALID FIELD IN CDB. 


A SP bit of zero indicates the target shall perform the specified LOG SENSE command and shall 
not save any log parameters. If saving log parameters is implemented, a SP bit of one indicates 


that the target shall perform the specified LOG SENSE command and shall save all lo 


parameters identified as savable by the DS bit (7.3.2) to a non-volatile vendor-specific locacols 


PPC (Byte 0, Bit 1) 


The parameter pointer control (PPC) bit controls the type of parameters requested from the 


target, as follows: 


1. APPC bit of one indicates that the target must return a log page with parameter code 
values which have changed since the last LOG SELECT or LOG SENSE command. 
The target returns only those parameter codes following the parameter pointer field. 
Currently, this is not supported. 


A PPC bit of zero indicates that the log parameter requested from the target begin 
with the parameter code specified in the parameter pointer field and return the number 
of bytes specified by the allocation length field in ascending order of parameter codes 
from the specified log page. A PPC bit of zero and a parameter pointer field of zero 
causes all available log parameters for the specified log page to be returned to the 
initiator subject to the specified allocation length. 


Y 


6-114 Grand Prix XP34301/XP32151S 


SCSI Description 


PAGE CODE (Byte 2, Bits 5-0) 


The page code field identifies which page of data is being requested. If the page code is reserved 
or not implemented, the target terminates the command with CHECK CONDITION status. 
The sense key is be set to ILLEGAL REQUEST with the additional sense code set to INVALID 
FIELD IN CDB. 


PC (Byte 2, Bits 7-6) 


The page control (PC) field defines the type of parameter values to be selected. The parameter 
values returned by a LOG SENSE command are determined as follows: 


1. The specified parameter values at the last update (in response to a LOG SELECT or 
LOG SENSE command or done automatically by the target for cumulative values). 


2. The saved values if an update has not occurred since the last power-on, hard RESET 
condition, or BUS DEVICE RESET message and saved parameters are implemented. 


3. The default values ifan update has not occurred since the last power- on, hard RESET 
condition, or BUS DEVICE RESET message and saved values are not available or not 
implemented. 


PARAMETER POINTER (Bytes 6-7) 


The parameter pointer field allows the initiator to request parameter data beginning from a 
specific parameter code to the maximum allocation aco or the maximum parameter code 
supported by the target, whichever is less. If the value of the parameter pointer field is larger than 
the largest available parameter code that can be returned by the target on the specified page, the 
target terminates the command with CHECK CONDITION status. The sense key is set to 
ILLEGAL REQUEST and the additional sense code is set to INVALID FIELD IN CDB. 


Log parameters within the specified log page are transferred in ascending order according to 
parameter code. 
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6.8.32 
6.8.32.1 


6.8.32.2 


OSh—SUPPORTED PAGE 5 


LOG PAGE CONTENTS 


Page Oh—Supported Log Pages 
Table 6-105 Page 0h—Supported Log Pages 


BYTE BIT 
en LT oo 


0 [OmPAGE CODED 
Ct [omRESERVED 
2 [oon=race canara) SSC 
(3 [osrmracevencTass) 
(= _[esnsurponreDPAge2 
[8 _[osnsurronreDPAges 


O6h—SUPPORTED PAGE 6 


FP 9 | O8h—SUPPORTED PAGE 8 


Page 2h—Error Counter Page for Write Errors (Default Threshold) 
Table 6-106 Page 2h—Error Counter Page for Write Errors (Default Threshold) 


BYTE 
7 | 6 | 5§ {| 4 / 3 | 2 =} 1 ~/ *0 | 
F 0 | 02h—Page Code 2 | 


0O0h—Reserved 


|OOh—Reserved 
(2 [oor—Pagetengh WS) SCSC~—SCSCSCS 
[Ss _[oth—ParameterCode (88) SSCS 
[6_[ oan—Parameter Code 1 Parameter Control Bye Fis 
[8 _[ OFFh—Parameter code 1 default threshold parameter values (VSB) 


—— 


O3h—Parameter length 
OFFh—Parameter code 2 default threshold parameter values (MSB) 
OFFh—Parameter code 2 default threshold parameter values 


OFFh—Parameter code 2 default threshold parameter values (LSB) 
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Table 6-106 Page 2h—Error Counter Page for Write Errors (Default Threshold) (Continued) 
1 OOh—Parameter code (MSB) 


03h—Parameter code (LSB) 


OFFh—Parameter code 3 default threshold parameter values 


OFFh—Parameter code 3 default threshold parameter values (LSB) 


4 
4 
a 
[48 _[ah—Paremeteriengh 
[50 | FFh—Parameter code 6 default threshold parameter values (VSB) 
[_82__| Frh—Parameter code 6 default threshold parameter values (SB) 


2 


2 


3 


37 


8 
1 
7 
1 
40 
41 

5 

6 
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6.8.32.3 


Page 2h—Error Counter Page for Write Errors (Default Cumulative) 
Table 6-107 Page 2h—Error Counter Page for Write Errors (Default Cumulative) 


BYTE BIT 
es A Gn <n = GO, Sk  * 
fo [02h—PageCode2 ti ( tsts~—<“t‘i‘iOSOSC*‘*s 02h—Page Code 2 


0Oh—Reserved 


[OOh—Reseved 
[2 [ooh—Pagetengh SS) SSCSC~—~—SCSCSCS 
[8 _[sih=Pagetengh (S83) OSOSC~—CSCSCSC~‘S 
[8 _[oth—ParameterGode (S83) SOS—~SSCS 
[6 | oah—Parameter Code 1 Parameter ControlByie Fels 
[8 | 00h—Parameter code 1 default threshold parameter values (VSB) 


| 9 | 00h—Parameter code 1 default threshold parameter values 


0Oh—Parameter code 1 default threshold parameter values (LSB) 


0Oh—Parameter Code (MSB) 


[18 | 04h—Parameter Code 2 Parameter Control Byte Feds 
[15 | 00h—Parameter code 2 default threshold parameter values (VSB) 


[18 _[oah—Parameter code (CSB) SSCS 
[20 _[oah—Parameter code S parameter contolbyiefels 
[21 [oan—Parameterlengh 
[22 [o0h—Parameter code 3 default hrechol parameter values (WEB) 
[23 | 00h—Parameter code 8 defauit threshold parametervalues 
[25 | 00h—Parameter code 8 default threshold parameter values (SB) 
[28 [0oh—Parametercode(WSB) 

[oan—Parametercode(S8) OS OSC~—SCS 


04h—Parameter code (LSB) 


| 28 | 04h—Parameter code 4 parameter control byte fields 


| 29 | 04h—Parameter length 


|O4h—Parameterlength 
[30 0on—Parametr code 4 defeat tesold parameter vaiee SB) 
at oon—Farameter code 4 defauk treshold parameter values 
[22 [ooh—Parameter code 4 default treshod parameter vals 
38 [ooh—Parareter code 4 default treshod parameter values (55) 
| 35 | 05h—Parameter code (LSB) | 
38 [oan Parareter code 5 parameter conve bye felis 
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Table 6-107 Page 2h—Error Counter Page for Write Errors (Default Cumulative) (Continued) 


0Oh—Parameter code 5 default threshold parameter values (MSB) 


| 39 | OOh—Parameter code 5 default threshold parameter values 
| 40 | 0O0h—Parameter code 5 default threshold parameter values 
OOh—Parameter code 5 default threshold parameter values 


[44 | 00h—Parameter code 5 default threshold parametervalues 
[45 | 00h—Parameter code 5 default threshold parameter values (LSB) 
[46 [o0h—ParametercodeWSB) 
[48 | oah—Parareter code 6 parameter controlbyiefelds 
[50 | 00h—Parameter code 6 default hreshold parameter values (WSB) 
[82 | 00h—Parameter code 6 default threshold parameter valves (SB) ____| 
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6.8.32.4 


Page 3h—Error Counter Page for Read Errors (Default Threshold) 
Table 6-108 Page 3h—Error Counter Page for Read Errors (Default Threshold) 


BYTE 
Fs ss 

[0 [om—PageGoes 
7 
[2 [oor—Pagetengh WS) SSCS 
[3 [sen—Pagetengh((S8)—SCSCS—~—SCSC‘C~C~S~S 


0Oh—Parameter Code (MSB) 


) a 0Oh—Parameter Code (LSB) 


[6 | o4h—Parameter Code 0 Parameter ControlByie Fis 
[7 _[oah—Parametertengh 
[8 | OFFh—Parameter code 0 default threshold parameter values (VSB) 
[3 | OF Fh—Parameter code O default threshold parametervalues 


[10 |orh—Farner do eet rok er bee 8) 
2 a 
[16 | OFFh—Parameter code 1 default threshold parametervalues 


[7 _[OFFh—Parameter code deat testo parameter ates G6) 
[18 [oor—Parametercode SB) SSCS 
[19 | oar—Parametercode (58) SOS 
[20 | oah—Parameter code 2 parameter contvolbyiefelis 
[at [oah—Parameteriongh 
[22 | OFFh—Parameter code default threshold parameter values (MSE) 
[28 | OFFh—Parameter code 2 defauit threshold parametervalues 


| OFFh—Parameter code 2 default threshold parameter values (LSB) 


[25 [oor—ParametercodeWSB) 
[26 | oah—Parametercode (S83) SSCS 
[28 [oah—Parameterengh 
[28 | OFFh—Parameter code 3 default treshold parameter values (VSB) 
[30 _[OFFh—Parameter code S default threshold parametervalues 
[32 | OFFh—Parameter code 8 default threshold parameter values (58) 
[38 [oor—Parametercode SB) 
[34 [oah—Parametercode USB) SSCS 
[35 | oah—Parameter code 4 parameter controlbyiefielis 


| 36 | 04h—Parameter length 


OFFh—Parameter code 4 default threshold parameter values (MSB) 
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Table 6-108 Page 3h—Error Counter Page for Read Errors (Default Threshold) (Continued) 


[38 _[ OFFh—Parameter code 4 default threshold parameter values 
[89 __| OFFh—Parameter code 4 default threshold parameter values 
[43 _[ 04h—Parameter code 5 parameter contolbyiefelds = 
[44 _[Oah—Parameterlength 
[45 __| Frn—Parameter code 5 defaut threshold parameter values (MSE) 
[46 __| Frn—Parameter code 5 defauithresholdparametervalues 
[48 _| Frh—Parameter code 5 defauithresholdparametervalues 
[50 _| Frh—Parameter code & default threshold parameter values 
[51 _| Frh—Parameter code 5 defaut threshold parametervalues 
[52 __| Frh—Parameter code & default threshold parameter values (58) 
[53 __[O0h—Parametercode (SB) 
[84 [06h—Parametercode (88) ——SCSC~—CSCSCS*S 
[85 | 0ah—Parameter code 6 parameter coniolbyiefelds 
[86 _[Oan—Perameteriength CCS 
[58 _| FFh—Parameter code 6 defauitthresholdparametervalues 
[59 __| Frh—Parameter code 6 defaut threshold parameter values (SB) 
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6.8.32.5 


Page 3h—Error Counter Page for Read Errors (Default Cumulative) 


Table 6-109 Page 3h—Error Counter Page for Read Errors (Default Cumulative) 


BYTE 

_ 7 { 6 | 5 {| 4{] 3 {| 2 | 1 {| 0 | 
[0 [osn—PageCoeeS 
[2 [oon—PagelengthMSB)CSC“‘“CS*C*™S 
[3 [sen—Pagelengh(S8)SCSC“‘S*S*~C~S™S 
0Oh—Parameter Code (LSB) 


0Oh—Parameter code 0 default threshold parameter values 


13 


17 OOh—Parameter code 1 default threshold parameter values (LSB) 


0Oh—Parameter code (MSB) 
02h—Parameter code (LSB) 
| 20 | 04h—Parameter code 2 parameter control byte fields 


O38h—Parameter length 


| 22 | 0O0h—Parameter code 2 default threshold parameter values (MSB) 


7 
10 
11 
12 


. | 23 | O0Oh—Parameter code 2 default threshold parameter values 


[25 | 00h—ParametercodeWSB) SS SSSC*d 
[26 | 0ah—Parametercode(S8)—OSCSC~CSCSCS 
[28 [oar—Parameterlength 
[29 | 00h—Parameier code & default threshold parameter values (USB) 
[80 | 00h—Parameter code S default threshold parametervalues 


| 32 | 0O0h—Parameter code 3 default threshold parameter values (LSB) 


[83 con—Parametercode (MSE) 
[85 | G4h—Parameter code 4 parameter controlbyiefelis 
[86 _[oan—Parameterength SCS 
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Table 6-109 Page 3h—Error Counter Page for Read Errors (Default Cumulative) (Continued) 


[38 | 00h—Parameter code 4 default threshold parametervalues 
[88 | 00h—Parameter code 4 default threshold parameter values 
[40 | 00h—Parameter code 4 defaut threshold parameter values (SB) 
[#2 [osh—Parameter code (S83) SSCSCS~S 
[43 _[oah—Parameter code & parameter contolbyte elds 
(4 [Oer—Paremeteriengh 
[45 _ | 00h—Parameter code 5 default threshold parameter values (VSB) 
[46 | 00h—Parameter code & default threshold parametervales 
[48 | 00h—Parameter code 5 defaut threshold parameter values 
[50 | 00h—Parameter code 5 defaut threshold parameter values 
[52 | 00h—Parameier code § defaut threshold parameter values (SB) 
[88 _[ooh—Parametercode VSB) 
[84 | 0eh—Parametercode (SB) SOS 
[85 | O4h—Parameter code 6 parameter controlbyefidds 
(86 _[Oah—Parameteriengh 
[58 | 00h—Parameter code 6 default threshold parametervalues 
[58 | 00h—Parameter code 6 default threshold parameter values (SB) 
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6.8.32.6 


Page 5h—Error Counter Page for Verify Errors (Default Threshold) 
Table 6-110 ee 5h—Error Counter Page for Verify Errors (Default Threshold) 


BYTE 
a ae eae 


To |eih—Page codes 05h—Page Code 5 


OOh—Reserved 


|O0h—Reseved 
[2 [cor—Pagetengh VSB) SSCSC~—“—SCS 
[3 _[sen—Pegetengh(S8)—OSCSC~—~—SCSCSCS 
[5 _| 0oh—ParameterCode (88) SOS 
6 _| 04h—Parameter Code 0 Parameter Contol Byie Fels 
(8 _| OF Fh—Parameter code 0 defaut threshold parameter values (VSB) 
[_9__| OF Fh—Parameter code Odetault threshold parameter values 


: OFFh—Parameter code 0 default threshold parameter values (LSB) 


| 20 | 04h—Parameter code 2 parameter control byte fields 


| 21 | 03h—Parameter length 


[22 | OFFh—Parameter code 2 default threshold parameter values (VSB) 
23 | OFFh—Parameter code 2 default threshold parametervalues 
(25 __[o0r—Parametercode(MSB) 
[28 _[0ah—Parametercode (SB) SSCS 
(28 _[oah—Parameterlength 
[_28__| OFFh—Parameter code & default threshold parameter valves (WSB)____ 
[_81__| OFFh—Parameter code & default threshold parameter values 
[83 _[oon—Parametercode(WSB) 
[34 [oah—Parametercode ($8) SOS 
[85 | oeh—Parameter code 4 parameter controlbyte fields 


| 36 | 04h—Parameter length 


OFFh—Parameter code 4 default threshold parameter values (MSB) 
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Table 6-110 Page 5h—Error Counter Page for Verify Errors (Default Threshold) (Continued) 


[38 OFFh—Parameter code 4 default threshold parametervaues 
[39 | OFFh—Parameter code 4 default threshold parameter values 
[43 _[oah—Parameter code 5 parameter contalbyienels C= 
[48 _| FFh—Parameter code 5 defautthresholdparametervalues 
[48 | FFh—Parameter code 5 defaut threshold parametervalues 
[48 _| FFh—Parameter code 5 defaut threshold parametervalues 
[_50__| FFh—Parameter code 5 defaut threshold parametervalues 
[82 | FFh—Parameter code § defaut threshold parameter values (SB) 
[58 __[Ooh—Parametercode(MSB) 
[54 [o6h—Parametercode (USB) SOSCSC~S~SCS 
[85 | 04h—Parameter code 6 parameter contolbyiefelds 
[56 [oah—Parameterength 
—s 
<a 


FFh—Parameter code 6 default threshold parameter values 
FFh—Parameter code 6 default threshold parameter values (LSB) 
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6.8.32.7 Page 6h—Error Counter Page for Non-Medium Errors (Default Threshold) 
Table 6-111 Page 6h—Error Counter Page for Non-Medium Errors (Default Threshold) 


| 7 |] 6 | 5 | 4 tf 3s | 2 1 ft 0 | 


[Fo Pomsrace cose 
2 fommrecetem os) 
8 [emPagetenah 56) 
4 eopParnetr Come WB) 
= [eth—Paraneiorcode 8) 
[6 [asParanetr Cod 0 ParnwiConrlBe Fel 
7 [eehParnetrtaneh 
[6 _[ FF —Parrr code Olu eso parame vakee SB) 
(2 _[oFFi—Paranetr ode Odeautrecod parameters 


6.8.32.8 | Page 6h—Error Counter Page for Non-Medium Errors (Default Cumulative) 


BYTE 


Table 6-112 Page 6h—Error Counter Page for Non-Medium Errors (Default Cumulative) 


Te [eeeFapecodseh 
a femreeenes 
2 [eomrasetereh OS 
8 [emaraseteam 8) 
4 [eomrannewrcote ws) 
[5 eohPanetr Coie 88) 
[6 [2thParnetr Cole Paranet Coel ove Fes 
[8 tohPaaret cod 0 deta esto pao vaee WB) 
(8 eorPeranetr coe ait esha peraretervaies 
[10 toh—Paaret cod defuse parameter vas C35) 
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6.8.32.9 Page 8h—Power On Hours Error Counter Page—Vendor Specific 
(Default Threshold) : 


Table 6-113 Page 8h—Power On Hours Error Counter Page—Vendor-Specific (Default Threshold) 


BYTE BIT 
ee ee 


To [eebFagecrdeteh 
2 [eohPace om] 


0Oh—Parameter Code (MSB) 
0Oh—Parameter Code (LSB) 


0Oh—Parameter Code 0 Parameter Control Byte Fields 


| 9 | OFFh—Parameter code 0 default parameter values 
OFFh—Parameter code 0 default threshold parameter values (LSB) 


6.8.32.10 Page 8h—Power On Hours Error Counter Page—Vendor Specific 
(Default Cumulative) 


Table 6-114 Page 8h—Power On Hours Error Counter Page—Vendor-Specific (Default Cumulative) 


| BIT 
7] 6 |] 5 |] 4] 3 |] 2] 1 | of 


ro eehFuge Cotes 
a 
a [emm—Pageteren ts) 
[5 [eorPunetr Cale) 
[8 | eoh—Puraneter Cade OParnetrContolByeFaKS 
[8 [eor—Purameter code oaatpranetervatee M38) 
[2 [eor—Puanetercoe autparametervalee 


BYTE 


0Oh—Parameter code 0 default threshold parameter values (LSB) 
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6.8.33 


6.8.33.1 


MODE SELECT EXTENDED (Opcode=55h) 


The MODE SELECT EXTENDED command, shown in Table 6-115, allows the initiator to 
set the drive's operating mode parameters. A MODE SELECT EXTENDED command 
overrides any previous selection of operating mode parameters, even by another initiator. 
Execution of this command creates a UNIT ATTENTION condition for all other initiators, 
provided that at least one parameter changes. 


Command Structure 


Table 6-115 MODE SELECT EXTENDED Command 


BYTE BIT 
oo | 3 | 2] t7{ 0 
ee 
A 
aE 
ee 


js 
ef BRED 
| ___PARAWETERUSTUENGTH GS) 


When the drive motor spins up at power on, the drive reads the operating mode parameters most 
recently saved, from a roel cylinder, and sets a UNIT ATTENTION condition for all 
initiators. The additional sense code accompanying the UNIT ATTENTION sense key is 


determined as follows: 


¢ If the drive cannot successfully read the parameter values from the Saved Mode 
Table, the drive accesses the Default Mode Table to set the state of the operating 
mode parameters. The additional sense code is set to PARAMETERS 
CHANGED, as though another initiator had altered the parameters. 


¢ If the drive is able to read the parameter values, the additional sense code is set to 


POWER ON, RESET, OR BUS DEVICE RESET OCCURRED. 


Note: _ If the disable unit attention bit on the Quantum-Unique Drive-Control 
Page (Page Code 39h) is set to one, a UNIT ATTENTION condition 


does not occur. 


SP-SAVE PAGES (Byte 1, Bit 0) 


When SP is one, the drive copies the operating mode parameters in the Current Mode Table to 
the Saved Mode Table, after updating the Current Mode Table if pages were sent. When SP is 
zero, the drive performs the specified MODE SELECT EXTENDED operation and does not 
alter the contents of the Saved Mode Table. 
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PARAMETER LIST LENGTH (Bytes 7&8) 


For this command, the initiator must be able to communicate the changes to be made in the 
Current Mode Table. A parameter list accomplishes this task. The drive uses this parameter's 
value to determine the length of the parameter list, and then transfers that many bytes. 


6.8.33.2 Parameter List Format 


The MODE SELECT EXTENDED parameter list, shown in Table 6-116, Table 6-117, and 
Table 6-118, contains an eight-byte header, followed by zero or one block descriptors, followed 
by zero or more pages. The pages sent correspond to unique divisions of the Current Mode Table. 
The drive determines which pages are included in the parameter list, accesses the Current Mode 
Table, and places the parameter values from these pages into the correct divisions. Pages are 
discussed separately in Section 6.9, Mode Pages, because they apply to both the MODE SELECT 
EXTENDED and MODE SENSE EXTENDED commands. Before using this command, or 
the MODE SENSE EXTENDED command, be familiar with the information provided 


regarding pages. 
Table 6-116 MODE SELECT EXTENDED Parameter List — Header 


BYTE BIT 


SR Ae ( 


es 
es 
5 
ee 
a 
a 
8 [__OOKDESCRPTORLENGTHOISS) 


BLOCK DESCRIPTOR LENGTH (Bytes 6&7) 


This parameter informs the drive of the block descriptors’ sah in bytes. A block descriptor 
jeneeh of zero indicates that there are no block descriptors in the parameter list. The Grand Prix 
XP34301/XP32151S hard disk drive uses a single eight-byte block descriptor. Therefore, this 
parameter must be set to either zero or eight by the initiator. 
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Table 6-117 MODE SELECT EXTENDED Parameter List — Block Descriptor 


| BIT 

SSISn DEERE. =.= ER 
a 
= [NMR OF BLOGS 
2 [NBER OF BLOGS ES 
seve 
ef Botner SB 
ef OREN 


NUMBER OF BLOCKS (Bytes 1-3) 


This parameter conveys to the drive the number of logical blocks on the media that match the 
block length specified in this block descriptor. A value of zero notes that all remaining logical 
blocks on the “ori rive have the media characteristics specified by the block descriptor. Any non zero 
value is ignored. 


BLOCK LENGTH (Bytes 5-7) 


The initiator must set this field to a value that corresponds to the block length of the drive. For 
example, if the block length is 512 bytes, the block length bytes must be set to 200h. 


Table 6-118 MODE SELECT EXTENDED Parameter List — Page(s) 


BIT 


0+ f CSSEEINDIVIDUALSECTIONONPAGES = SEE INDIVIDUAL SECTION ON PAGES 
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SCSI Description 


MODE SENSE EXTENDED (Opcode=5Ah) 


The MODE SENSE EXTENDED command, shown in Table 6-119, tells the drive to report its 
operating mode parameters to the initiator. This command complements the MODE SELECT 
EXTENDED command. Before preceding further, it is advisable to read the introduction to the 
Mode Pages section. 


Command Structure 


Table 6-119 MODE SENSE EXTENDED Command 


a OPCODE=5Ah 
es 
a 
es 
8 
ee 
= atnarion reverts) 
se 


PC-PAGE CONTROL (Byte 2, Bits 7&6) 


This parameter defines the type of page parameter values the drive reports. There are four possible 
types, or formats, for the fields and bits contained in each page: 


Note: The words “MODE SELECT command” apply to both the MODE 
SELECT command and the MODE SELECT EXTENDED com- 
mand in the following definitions. 


1. Current Values (00b) | 
The drive sends the page, or pages, defined by the page code, with fields and bits set to the 


current operating mode values. The current values are: 
¢ Those set by the last MODE SELECT command successfully completed. 


e Identical to the saved values—if there has been no MODE SELECT 
command since the last power on or RESET condition. 


2. Changeable Values (01b) 
The drive sends the page, or pages, defined by the page code, with fields and bits that can 
be modified set to one. Fields and bits that cannot be altered by the initiator are set to zero. 
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3. Default Values (10b) | 
The drive sends the page, or pages, defined by the page sede. with fields and bits set to the 
default operating mode values—that is, as shipped from the factory. Fields and bits not sup- 
ported by the drive are set to zero. 


Note: To determine whether a returned value of zero indicates a default param- 
eter or an aa a parameter, the initiator can examine the change- 


able values 


4. Saved Values (11b) 
The drive sends the page, or pages, defined by the page code, with fields and bits set to the 
saved operating mode values. The saved values are: 


e Those set by the last MODE SELECT command that had the save pages bit 


set to one. 


¢ Identical to the default values—if there has been no MODE SELECT 
command that had the save pages bit set to one. 


Note: For all page control parameters, the value returned in the page length field 
indicates the number of bytes the drive supports within each page. This 
value must be the value entered for the page length when issuing a 
MODE SELECT EXTENDED command. (See Section 6.9, “MODE 
PAGES.”) 


PAGE CODE (Byte 2, Bits 5-0) 


This parameter notifies the drive of the specific page, or pages, the initiator wants. 
Table 6-120 shows the page codes for the pages the drive supports. 


Table 6-120 Page Codes as a Function of Pages Supported 


PAGE PAGES(S) RETURNED 
CODE 


00h [Disable Unt Atenton Page 
[01h | Read Wit Eror Recovery Page 
[03h [Format Davee Page 
[04m [Rigid Disk Geomety Page 
[ah [exe rage 


Control Mode Page 
OCh ___| Notch and Partition Page 


[—3@h [Automat Shutdown Corl Page 
| 88h Quantum-Unique Cache-Control Page 
[38h |Guantun-Uriave Dive Cont Page 


All Pages (Order=01h, 02h, ..., 39h, 00h) 
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ALLOCATION LENGTH (Bytes 7&8) 


This parameter specifies the maximum number of bytes allocated by the initiator for returned 
MODE SENSE EXTENDED data. Acceptable values are OOh-FFh. The drive terminates the 
DATA IN phase when it has transferred to the initiator either the number of bytes specified by 
the allocation length or all available MODE SENSE EXTENDED data, whichever is less. 


6.8.34.2 MODE SENSE EXTENDED Data Format 


The MODE SENSE EXTENDED data, shown in Table 6-121, Table 6-122, and Table 6-123, 
contains an eight-byte header, followed by one block descriptor, followed by one or more pages. 
Pages are discussed separately in Section 6.9 Mode Pages, because they apply to both the MODE 
SELECT EXTENDED and MODE SENSE EXTENDED commands. Before using this 
command, or the MODE SELECT EXTENDED command, be familiar with the information 
provided regarding pages. 


Table 6-121 MODE SENSE EXTENDED Data — Header 


Se 
a wonroaratenere ase 
ce 
= [wee Revew [ore [RESERVED 
eee 
= _[____ BLOGKBESGRPTORLENGTICED SB) 


Note: The medium is not write protected. 


MODE DATA LENGTH (Bytes 0&1) 


The drive transfers the MODE SENSE EXTENDED data during the DATA IN phase of the 
command. The first byte it sends is the mode data length. This parameter informs the initiator 
of the number of available MODE SENSE EXTENDED data bytes. The mode data length does 


not include itself. 
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BLOCK DESCRIPTOR LENGTH (Bytes 6&7) 


The Grand Prix XP34301/XP32151S hard disk drive uses a single eight-byte block descriptor. 
se HEMET gives the initiator the block descriptor's length, in bytes. Therefore, the drive sets 
is field to 08h. 


Table 6-122 MODE SENSE EXTENDED Data — Block Descriptor 


ee 

ant ae ee ae ee ae ee 
i 
= [NNER OF LORS 
ce 
i 
SC 


NUMBER OF BLOCKS (Bytes 1-3) 


This parameter conveys to the initiator the number of logical blocks on the media that match the 
block length specified in this block descriptor. A value of zero notes that all remaining logical 
blocks on the drive have the media characteristics specified by the block descriptor. 


BLOCK LENGTH (Bytes 5-7) 


The initiator must set this field to a value that corresponds to the block length of the drive. For 
example, if the block length is 512 bytes, the block length bytes must be set to 200h. 


Table 6-123 MODE SENSE EXTENDED Data — Page(s) 


BYTE BIT 
oo 
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6.9 MODE PAGES 


To avoid having to specify all of the operating mode parameters each time an initiator wants to 
change one, the operating mode parameters are split into pages. A page is the smallest unit that 
can be specified ina MODE SELECT, MODE SELECT EXTENDED, MODE SENSE, or 
MODE SENSE EXTENDED command. Pages are numbered for reference, with each page 
containing parameters grouped by functionality. 


For MODE SELECT and MODE SELECT EXTENDED commands, each time an initiator 
accesses a page, all parameters on that page must be specified. Modifiable parameters can be set 
to any acceptable value. Unmodifiable parameters must be set to zero. Pages can be included in 
any order. 


Table 6-124 Mode Pages Supported 


NUMBER/ 

CODE 
[oon Basie UnAerionPage 
S| erate Srtiown Conte Page 
Quantum-Unique Cache-Control Page 
Quantum-Unique Drive-Control Page 


Each mode page contains a page code, a page length, and a set of mode parameters. In addition 
to this, for the MODE SENSE and MODE SENSE EXTENDED commands, an additional bit 
is provided to indicate if the page is savable or not. This bit is reserved when using the MODE 
SELECT and MODE SELECT EXTENDED commands. 


Table 6-125 Mode Page Format 


BYTE BIT 
ee 
OC 
i 
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6.10 


6.10.1 


6.10.2 


6.10.2.1 


6.10.2.2 


6-136 Grand Prix XP34301/XP32151S 


PS—PARAMETERS SAVABLE (Byte 0, Bit 7) 


When using the MODE SENSE and MODE SENSE EXTENDED commands, a parameters 
savable bit of one indicates that the operating mode parameters on this page can be saved by the | 
drive to the Saved Mode Table. A parameters savable bit of zero indicates that the supported 
parameters cannot be saved. 


When using the MODE SELECT and MODE SELECT EXTENDED commands, PS is 


reserved. 


PAGE LENGTH (Byte 1) 


The page length is the mode parameters’ length, in bytes. The initiator must set this field to the 
value that is returned for the page by the MODE SENSE or MODE SENSE EXTENDED 


command. 


The following subsections are the individual page descriptions. Each subsection elaborates on the | 
mode parameters applicable to that page. 


ELECTRICAL CHARACTERISTICS OF THE SCSI BUS 


The following description of the SCSI electrical characteristics includes a definition of the signal - 
lines as well as their timing characteristics. 


- Signal Lines 


There are a total of 18 signal lines on the bus, of which 9 are control lines and 9 are data lines 
(including the parity line). Table 6-126 defines the SCSI bus signal lines, Table 6-127 shows 
which SCSI devices assert these signals and when they can do so, and Table 6-128 defines the 
conductor signal assignments for the SCSI connector. 


Timing Characteristics 


‘Timing characteristics for the SCSI bus are given in the following subsections. 


ARBITRATION DELAY 


The minimum amount of time that must elapse between the point at which a SCSI device asserts 
BSY for arbitration and the point at which it examines the DATA BUS (to determine if it has 
won arbitration). 


ARBITRATION DELAY is 2.4 microseconds. 
ASSERTION PERIOD 


The minimum amount of time that REQ (drive) and ACK (initiator) must be asserted during | | 
synchronous data transfers. | : 


ASSERTION PERIOD is 90 nanoseconds. 


SCSI Description 


6.10.2.3 BUS CLEAR DELAY 


The maximum amount of time that may elapse prior to a SCSI device releasing all signals when: 


5. The BUS FREE phase is detected. 
6. An arbitration attempt is lost (another device asserts SEL). 


7. RST is detected on the bus. 


BUS CLEAR DELAY is 800 nanoseconds following a lost arbitration attempt or detection of 
RST on the bus, and is 1200 nanoseconds minus the time it took the SCSI device to detect BUS 
FREE following Case 1 above. 


Table 6-126 SCS/ Bus Signal Lines 


SIGNAL 
ech 
An “OR-tied” signal line used to indicate that the bus is An “OR-tied” signal line used to indicate that the bus is occupied byadevice. by a device. 


An “OR-tied” signal line used by an initiator to select the drive, or by the drive to reselect 
an initiator. 


A signal line driven by the drive to indicate whether CONTROL or DATA information is on 
the DATA BUS. True identifies CONTROL. 


A signal line driven by the drive to indicate the direction of data movement on the DATA 
BUS. This signal line is also used to distinguish between the SELECTION and RESE- 
LECTION phases. 


A signal line driven by the drive to indicate that a message is being transferred. 
A signal line driven by the drive to initiate a REQ/ACK data transfer handshake. 


A signal line driven by the initiator to set the acknowledgment portion of the REQ/ACK 
handshake. 


A signal line driven by an initiator to indicate an ATTENTION condition. 
A signal line that indicates a RESET condition. 


The eight data-bit signal lines that form a majority of the DATA BUS. DB(7) is the most 
significant bit and has the highest priority during the ARBITRATION phase. 


DB(7)-DB(0) 


The parity-bit signal line that forms the remainder of the DATA BUS. Parity is odd and is 
undefined during the ARBITRATION phase. 
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Table 6-127 Signal Sources 


MSG, C/D, 
BUS PHASE | suspnase | psy | se vO, REQ ATN,ACK “ DB(7-0, P) 


[BUSFREE [one Wows [Now [Nove 
TER | — mo — | — ra 
[seieorion [180 __[ ttt [Nove [ tor [or 
PRESELECTION | eO[ we [Ome [tr [Ove 
feowmano [ve [Now [Ore | rtatr [tr 
feaTa [Owe [Neve [Ome [tor [re 
fparaouT [owe [Neve [Ove [tor [or 
fsrarus—— [Be [Neve [One| ettor [rie 
[MESSAGE [Owe [Nore [| One [or [Ove 
fwessace our [Owe [Neve | Owe | rar [or 


Note: All = All SCSI devices that are actively arbitrating assert the signal. 
SCSIID =Aunique on the DATA BUS is asserted by each SCSI device actively 
arbitrating. 
I&D = The initiator, drive, or both assert the signal. 
Initiator = If the signal is asserted, it is only done by the active initiator. 


Winner = The signal is asserted by the SCSI device that wins arbitration. 


Table 6-128 System Cable Pin-Out 


T—«C«iOB(O)t~CS~S | Terminator Power | Power 
DB(1) Ground 
DB(2) Ground 
DB(3) ATN — 
DB(4) Ground 
DB(5) BSY 
DB(6) ACK 
DB(7) RST 
DB(P) MSG 
Ground SEL 
Ground C/D 

_ REQ 

VO 


Note: All odd pins, except pin 25 are grounded. Pin 25 is open. 


6.10.2.4 BUSS FREE DELAY 


The minimum amount of time that must elapse between the point at which a SCSI device detects 
the BUS FREE phase and the point at hich it asserts BSY in an attempt to get the SCSI bus. 


BUS FREE DELAY is 800 nanoseconds. 
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6.10.2.5 


6.10.2.6 


6.10.2.7 


6.10.2.8 


6.10.2.9 


6.10.2.10 


6.10.2.11 


6.10.2.12 


SCSI Description 


BUS SET DELAY 


The maximum amount of time that may sae between the point at which a SCSI device detects 
the BUS FREE phase and the point at which it asserts BSY and its SCSI ID in an attempt to get 
the bus. 

BUS SET DELAY is 1.8 microseconds. 


BUS SETTLE DELAY 


The minimum amount of time that must elapse after a SCSI device detects a transition on certain 
control signals before the transition is valid. 


For instance, when BSY and SEL both go false, a SCSI device must wait a BUS SETTLE DELAY 
before “detecting” the BUS FREE phase. 


BUS SETTLE DELAY is 400 nanoseconds. 
CABLE SKEW DELAY 


The maximum difference in propagation time between any two signals measured between any 
two SCSI devices resident on the same SCSI bus. 


CABLE SKEW DELAY is 10 nanoseconds. 
DATA RELEASE DELAY 


The maximum amount of time that may elapse between the point at which I/O transits from false 
to true and the point at which the initiator releases the DATA BUS. 


DATA RELEASE DELAY is 400 nanoseconds. 
DESKEW DELAY 


The minimum amount of time required to deskew certain signals. 
DESKEW DELAY is 45 nanoseconds. 
HOLD TIME 


The minimum amount of time that must be added between the assertion of REQ or ACK and 
the changing of the DATA BUS during synchronous data transfers. - 


HOLD TIME is 45 nanoseconds. 
NEGATION PERIOD 


The minimum amount of time that REQ (drive) and ACK (initiator) must be negated during 
synchronous data transfers. 


NEGATION PERIOD is 90 nanoseconds. 
RESET HOLD TIME 


The minimum amount of time that RST must be asserted to be valid. 


RESET HOLD TIME is 25 microseconds. 
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6.10.2.13 SELECTION ABORT TIME 


6.10.2.14 


6.10.2.15 


6.10.3 


6.10.3.1 


6.10.3.2 


6.10.3.3 | 


6.10.3.4 


The maximum amount of time that may elapse between the point at which a SCSI device 
determines that it is being selected and the point at which it asserts BSY in response. 


SELECTION ABORT TIME is 200 microseconds. 
SELECTION TIMEOUT DELAY 


The minimum amount of time that should elapse between the point at which a SCSI device 
attempts to select another SCSI device and the point at which it begins a timeout procedure, 
provided the other SCSI device does not respond with BSY. 


SELECTION TIMEOUT DELAY should be approximately 250 milliseconds. 
TRANSFER PERIOD 


The minimum amount of time that must elapse between the leading edges of successive REQ 
and successive ACK pulses during synchronous data transfers. 


TRANSFER PERIOD is set during an exchange of SYNCHRONOUS DATA TRANSFER 
REQUEST messages. 


Fast SCSI Timing Characteristics 


Timing characteristics for the Fast SCSI option are given in the following subsections. 


When SCSI devices negotiate a synchronous data transfer period of less than 200 ns they are said 
to be using “fast synchronous data transfers”. SCSI devices which negotiate a synchronous data 
transfer period greater than or equal to 200 ns use timing parameters specified in Section 6.10.2. 
When a fast synchronous data transfer period is negotiated, those specific times redefined in this 
section are used; those not redefined remain the same. The minimum synchronous data transfer 
period is 100 nanoseconds. | 


FAST ASSERTION PERIOD 


The minimum amount of time that REQ (drive) and ACK (initiator) must be asserted during 
fast synchronous data transfers. | 


FAST ASSERTION PERIOD is 30 nanoseconds. 
FAST CABLE SKEW DELAY 


The maximum difference in propagation time between any two signals measured between any 
two SCSI devices resident on the same SCSI bus. | 


FAST CABLE SKEW DELAY is 5 nanoseconds. 


_ FAST DESKEW DELAY 


The minimum amount of time required to deskew certain signals. 
FAST DESKEW DELAY is 20 nanoseconds. 
FAST HOLD TIME 


The minimum amount of time that must be added between the assertion of REQ or ACK and 
the changing of the DATA BUS during fast synchronous data transfers. 


FAST HOLD TIME is 10 nanoseconds. 
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6.10.3.5 FAST NEGATION PERIOD 


The minimum amount of time that REQ (drive) and ACK (initiator) must be negated during 
fast synchronous data transfers. 


FAST NEGATION PERIOD is 30 nanoseconds. 
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ACCESS — (v) Read, write, or update information 
stored on a disk or other medium. (n) The operation 
of reading, writing, or updating stored information. 


ACCESS TIME — The interval between the time a 
request is made by the system and the time the data is 
available from the drive. Includes the seek time, 
rotational latency, and command processing overhead 
time. (See also seek, rotational latency, and overhead.) 


ACTUATOR - Also known as the positioner. The 
internal mechanism that moves the read/write head to 
the proper track. The Quantum actuator consists of a 
rotor connected to head mounting arms that position 
the heads over the desired cylinder. Also known as 
rotary actuator. 


AIRLOCK — A patented Quantum feature that 
ensures durable and reliable data storage. Upon 
removal of power from the drive for any reason, the 
read/write heads automatically park and lock in a non 
data area called the landing zone. Airlock allows the 
drive to withstand high levels of non-operating shock. 
When power is applied to the drive, airflow created 
from the spinning disks causes the Airlock arm to 
swing back and unlock the actuator, allowing the 
heads to move from the landing zone. Upon power 
down, the Airlock swings back to the locked position, 
locking the heads in the landing zone. A park utility is 
not required to park the heads on drives equipped 
with Airlock (all Quantum drives). 


ALLOCATION - The process of assigning particular 
areas of the disk to specific data or instructions. 
allocation unit is a group of sectors on the disk 
reserved for specified shy lite On hard disks for 
small computer systems, the allocation unit is usually 
in the form of a sector, block, or cluster. (See also 
allocation unit.) 


ALLOCATION UNIT -— An allocation unit, also 
known asa cluster, is a group of sectors on the disk that 
can be reserved for the use of a particular file. 


Circuit. 


ASIC — Acronym for Application Specific Integrated 


GLOSSARY 


AVERAGE SEEK TIME -— The average time it takes 
for the read/write head to move to a specific location. 
Calculated by dividing the time it takes to complete a 
large number of random seeks by the number of seeks 
performed. 


BACKUP -— A copy of a file, directory, or volume on 
a separate storage device from the original, for the 
purpose of retrieval in case the original is accidentally 
erased, damaged, or destroyed. 


BAD BLOCK - A block (usually the size of a sector) 
that cannot reliably hold data due to a physical flaw or 
damaged format markings. 


BAD TRACK TABLE — A label affixed to the casing 
ofa hard disk drive stating which tracks are flawed and 
cannot hold data. This list is ee into the low-level 
formatting program when the drive is installed. 
Quantum users can ignore bad track tables since 
Quantum’s built-in defect-management protections 
compensate for these flaws automatically. 


BEZEL — A plastic panel that extends the face of a 
drive so that it covers a computer’s drive bay opening. 
The bezel usually contains a drive-activity LED. Also 
known as the faceplate. 


BIT — Abbreviation for binary digit. A binary digit 


may have one of two values—1 or 0. This contrasts 
with a decimal digit, which may have a value from 0 
to 9. A bit is one of the logic lor logic 0 binary settings 
that make up a byte of data. (See also byte.) 


BLOCK — In UNIX workstation environments, the 
smallest contiguous area that can be allocated for the 
storage of data. UNIX blocks are generally 8 Kbytes 
(16 sectors) in size. In DOS environments, the block 
is referred to as a cluster. (Note: This usage of the 
term block at the operating system level is different 
from its meaning in relation to the physical 
configuration of the hard drive. See sector for 
comparison.) 


BPI — Bits Per Inch. A measure of how densely 


information is packed on a storage medium. (See also 


FCT) 
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BUFFER — An area of RAM reserved for temporary 
storage of data that is waiting to be sent to a device 
that is not yet ready to receive it. The data is usually 
on its way to or from the hard disk drive or some other 
peripheral device. 


BUS — The part of a chip, circuit board, or interface 
designed to send and receive data. 


BYTE — The basic unit of computer memory, large 
enough to hold one character of alphanumeric data. 
Comprised of eight bits. (See also 02t.) 


C 


CACHE - Specialized High-speed RAM used to 
optimize data transfers between system elements with 
different performance characteristics, e.g., disk to 
main memory or main memory to CPU. — 


CACHE MEMORY -— A temporary (and often 
volatile) data storage area outside the user-accessible 
area. A cache memory is usually faster to access than 
the medium and thus has the effect of increasing data 
throughput by reducing the number of accesses to the 
medium. 


CAPACITY — The amount of information that can 
be stored on a hard drive. Also known as storage 
capacity. (See also formatted capacity.) 


CLEAN ROOM - An environmentally controlled 
dust-free assembly or repair facility in which hard disk 
drives are assembled or can be opened for internal 
servicing. 


CLUSTER -— In DOS environments, the smallest 
contiguous area that can be allocated for the storage of 
data. DOS clusters are usually 2 Kbytes (4 sectors) in 


size. 


CONTROLLER - The chip or circuit that translates 
computer data and commands into a form suitable for 
use by the hard drive. Also known as disk controller. 


CONTROLLER CARD — An er eae containing the 
control electronics for one or more hard disks. Usually 
installed in a slot in the computer. 


CPU — Central Processing Unit. The microprocessor 
chip that performs the bulk of data processing in a 


computer. 


CRC -— Cyclic Redundancy Check. An error detection 


procedure that identifies incomplete or faulty data in - 


each sector. 


CYLINDER — When disks are placed directly above 


one another along the shaft, the circular, vertical 
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“slice” consisting of all the tracks located in a 
particular position. 


D 
DATA SEPARATOR - The circuit that extracts data 


from timing information on drives that store a 
combined data and clock signal. 


DEDICATED SERVO - A positioning mechanism 
using a dedicated surface of the disk that contains 
timing and positioning information only, as 
compared to surfaces that are also used for data. (See 


also embedded servo.) 


DEFECT MANAGEMENT - A technique 
ensuring long-term data integrity. Consists of 
scanning disk drives both at the factory and during 
regular use, de-allocating defective sectors before 
purchase and compensating for new defective sectors 
afterward. 


DISK — In general, any circular-shaped data-storage 
medium that stores data on the flat surface of the 
platter. The most common type of disk is the 
magnetic disk, which stores data as magnetic patterns 
in a metal or metal-oxide coating. Magnetic disks 
come in two forms: floppy and hard. Optical 
recording is a newer disk technology that gives higher 
capacity storage but at slower access times. 


DISK CONTROLLER - A plug-in board, or 
embedded circuitry on the drive, that passes 
information to a from the disk. The Quantum hard 
disk drives all have controllers embedded on the drive 
printed-circuit board. (See also controller.) 


DMA -— Direct Memory Access. A process for 
transferring data directly to and from main memory, 
without passing through the CPU. DMA improves 
the aan and efficiency by allowing the system to 
continue processing even while new data is being 
retrieved. 


DOS -— Disk Operating System. The most common 
operating system used in IBM PCs. Manages all access 
to data on the disk. 


DRIVE — Short form of disk drive. 
DRIVE GEOMETRY - The functional dimensions 


of a drive, including the number of heads, cylinders, 
and sectors per track. (See also logical format.) 


ECC — Error Correction Code. The incorporation of 
extra parity bits in transmitted data in order to detect 
errors that can be corrected by the controller. 


EMBEDDED SERVO - A timing or location signal 
placed on tracks that store data. These signals allow 
the actuator to fine-tune the position of the read/write 


heads. 


ENCODING - The conversion of data into a pattern 
of On/Off or 1/0 signals prior to being written on the 
disk surface. (See also RLL and MFM.) 


EPROM -— Erasable Programmable Read-Only 

_ Memory. An integrated circuit memory chip that can 
store programs and data in a non-volatile state. These 
devices can be erased by ultraviolet light and 
reprogrammed with new data. 


EXTERNAL DRIVE — A drive mounted in an 
enclosure separate from the computer system 
enclosure, with its own power supply and fan, and 
connected to the system by a ete 


F 


FCI — Flux Changes per Inch. The number of 
magnetic field patterns that can be stored on a given 
area of disk surface, used as a measure of data density. 


(See also BPI) 


FILE SERVER — A computer that provides network 
stations with controlled access to shareable resources. 
The network operating system is loaded on the file 
server, and most shareable devices (disk subsystems, 
printers) are attached to it. The file server controls 
system security and monitors station-to-station 
communications. A dedicated file server can be used 
only as a file server while it is on the network. A non 
dedicated file server can be used simultaneously as a 
file server and a workstation. 


FIRMWARE -— Permanent instructions and data - 
programmed directly into the circuitry of read-only 
memory for controlling the operation of the 
computer. Distinct from software, which can be 
altered by programmers. 


FLUX DENSITY - The number of magnetic field 
patterns that can be stored in a given length of disk 
surface. The number is usually stated as flux changes 
per inch (FCI), with typical values in the thousands. 
(See also FCT) 


FLYING HEIGHT — The distance between the read/ 
write head and the disk surface, made up of a cushion 
of air that keeps the two objects from touching. 


Glossary 


Smaller flying heights permit denser data storage but 
require more precise mechanical designs. Also known 


as fly height. 


FORMAT — To write a magnetic track pattern onto a 
disk surface, specifying the locations of the tracks and 
sectors. This information must exist on a disk before 
it can store data. 


FORMATTED CAPACITY - The amount of room 
left to store data on a disk after writing sector headers, 
boundary definitions, and timing information during 
a format operation. The size of a Quantum drive is 
always expressed in formatted capacity, accurately 
reflecting the usable space required. 


FORM FACTOR - The industry standard that 
defines the physical, external dimensions of a 
particular device. For example, most Quantum hard 
disk drives use a 3 1/2-inch form factor. 


G 


GIGABYTE (GB) — One billion bytes (one thousand 
megabytes). _ 


GUIDE RAILS - Plastic strips attached to the sides 


of a hard disk drive in an IBM PC/AT or compatible 
computer so that the drive easily slides into place. 


H 


HALF-HEIGHT -— Standard drive size equivalent to 
half the vertical space of a 5 1/4-inch drive. 


HARD DISK -A type of storage medium that retains 
data as magnetic patterns on a rigid disk, usually made 
of an iron oxide or alloy over a magnesium or 
aluminum platter. Because hard disks spin more 
rapidly than floppy disks, and the head flies closer to 
the disk, hard disks can transfer data faster and store 
more in the same volume. 


HARD ERROR — A data error that persists when the 
disk is re-read, usually caused by defects in the 
physical surface. 


HARD-SECTORED -— The most common method 
of indicating the start of each sector on a disk, based 
on information located in the embedded servo. This 
method is more precise than soft-sectored techniques 
and results in lower overhead. (See also soft-sectored.) 


HEAD -— The tiny electromagnetic coil and metal 


pole used to create and read back magnetic patterns 
on the disk. Also known as read/write head. 
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HEAD CRASH — Damage to the read/write head, 
usually caused by sudden contact with the disk 
surface. Head crash can also be caused by dust and 
other particles. 


HIGH-CAPACITY DRIVE - By industry 
conventions typically a drive of 100 megabytes or 


more. 


HIGH-LEVEL FORMATTING - Formatting 
performed by the operating system to create the root 
directory, file allocation tables and other basic 
configurations. (See also low-level formatting.) 


HOME — Reference track used for recalibration of the 
actuator. Usually the outermost track (track 0). 


HOST ADAPTER — A plug-in board that acts as the 
ra between a computer system bus and the disk 
rive. 


I 
INITIALIZATION -— See low-level formatting. 


INTERFACE -— A hardware or software protocol, 
(contained in the electronics of the disk controller and 
disk drive) that manages the exchange of data between 
. the drive and computer. The most common interfaces 
for small computer systems are AT (also known as 


IDE) and SCSI. 


INTERLEAVE -— The arrangement of sectors on a 
track. The Interleave Factor is the number of sectors 
that pass beneath the read/write heads before the next 
sector arrives. For example, a 3:1 interleave factor 
means that the heads read a sector, then let two pass 
by before reading another, requiring three full 
revolutions of the disk to access the complete data 
track. Quantum drives have an interleave factor of 
1:1, allowing the system to access a full track of data 
in a single revolution. 


INTERLEAVE FACTOR — The number of sectors 
that pass beneath the read/write heads before the next 
numbered sector arrives. When the interleave factor is 
3:1, a sector is read, two pass by, and then the next is 
read. It would take three revolutions of the disk to 
access a full track of data. Quantum drives have an 
interleave of 1:1, so a full track of data can be accessed 
within one revolution of the disk, thus offering the 
highest data throughput possible. 


INTERNAL DRIVE — A drive mounted inside one 
of a computer’s drive bays, or a hard disk on a card 
installed in one of the computer’s expansion slots. 
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Jo 
JUMPER - A tiny box that slips over two pins ona 
circuit board, connecting the pins electrically. Some 


board manufacturers use Dual In-Line Package (DIP) 
switches instead of jumpers. 


K 


KILOBYTE (K) — A unit of measure consisting of 
1,024 (2!°) bytes. 


L 


LANDING ZONE - A non-data area on the disk’s 
inner cylinder where the heads can rest when the 
power is off. 


LATENCY -— The time during which the read/write 
heads wait for the data to rotate into position after the 
controller starts looking for a particular data track. If 
a disk rotates at 3,600 rpm, the maximum latency _ 
time is 16.4 milliseconds, and the average latency time 
is 8.2 milliseconds. 


LOOK AHEAD - The process of anticipating events 
in order to speed up computer operations. For 
example, the system can buffer data into cache RAM 
by reading blocks in advance, preparing the system for 
the next data request. 


LOW-LEVEL FORMATTING — The process of 
creating sectors on the disk surface so that the 
operating system can access the required areas for 
generating the file structure. Quantum drives are 
shipped with the low-level formatting already 
completed. Also known as initialization. 


LOW PROFILE - Describes drives built to the | 
3 1/2-inch form factor, which are only 1 inch aya 
The standard form factor drives are 1.625 inches high. 


M 
MB — See megabyte. 


MEDIA — The magnetic film that is deposited or 
coated on an aluminum substrate which is very flat 
and in the shape of a disk. The media is overcoated 
with a lubricant to prevent damage to the heads or 
media during head take off and landing. The media is 
where the data is stored inside the disk in the form of 
magnetic flux or polarity changes. 


MEGABYTE (MB) — A unit of measurement equal to 
1,000 kilobytes, or 1,000,000 bytes. (See also 
kilobyte.) 


MEGAHERTZ — A measurement of frequency in 


millions of cycles per second. 
MHz — See megahertz. 


MICROPROCESSOR - The integrated circuit chi 
that performs the bulk of data processing and sine 
the operation of all of the parts of the system. A disk 
drive also contains a microprocessor to handle all of 
the internal functions of the drive and to support the 
embedded controller. 


MICROSECOND (us) — One millionth of a second 
(.000001 sec.). 


MILLISECOND (ms) — One thousandth of a second 
(.001 sec.). 


MTBF — Mean Time Between Failure. Reliability 
rating indicating the failure rate expected of a product 
expressed in power on hours (POH). Since 
manufacturers differ in the ways they determine the 
MTBF, comparisons of products should always take 
into account the MTBF calculation method. 


MTTR — Mean Time To Repair. The average time it 
takes to repair a drive that has failed for some reason. 
This only takes into consideration the changing of the 
major sub-assemblies such as circuit board or sealed 
housing. Component level repair is not included in 
this number as this type of repair is not performed in 


the field. 


N 


NON-VOLATILE MEDIUM-Physical storage 
medium that retains data written to it fora 
subsequent read operation through a power-on 
condition. An example of this is a disk device that 
stores data as magnetic fields that do not require 
device power to exist. 


NOTCH-A notch refers to all or part of the medium 
having a consistent set of geometry parameters. 
Notches are used to increase storage capacity by 
optimizing the number of sectors per track between 
the inner and outer tracks. 


O | 
OVERHEAD — Command overhead refers to the 


processing time required by the controller, host 
adapter, or drive prior to the execution of a command. 
Lower command overhead yields higher drive 
performance. Disk overhead refers to the space 
required for non-data information such as location 
and timing. Disk overhead often accounts for about 
ten percent of drive capacity. Lower disk overhead 
yields greater disk capacity. 


Glossary 


OVERWRITE — To write data on top of existing 


data, erasing it. 


OXIDE — A metal-oxygen compound. Most 
magnetic coatings are combinations of iron or other 
metal oxides, and the term has become a general one 
for the magnetic coating on tape or disk. 


p 


_ PARTITION-—A portion of a hard disk dedicated to 


a particular operating system and application and 
accessed as a single logical volume. 


PERFORMANCE - A measure of the speed of the 
drive during normal operation. Factors affecting 
performance are seek times, transfer rate and 
command overhead. 


PERIPHERAL — A device added to a system as an 
enhancement to the basic CPU, such as a disk drive, 
tape drive or printer. 


PHYSICAL FORMAT — The actual physical layout 
of cylinders, tracks, and sectors on a disk drive. 


PLATTER — Common term referring to the hard 
disk. 


POH — Power On Hours. The unit of measurement 
for Mean Time Between Failure as expressed in the 
number of hours that power is applied to the device 
regardless of the amount of actual data transfer usage. 


(See also MTBF.) 
POSITIONER — See actuator 


PRML - Partial-Response Maximum-Likelihood. A 
sophisticated data-detection method that improves 
data throughput and increases areal density. PRML 
read channels are used in place of peak-detection read 
channels. 


R 


RAM — Random Access Memory. An integrated 
circuit memory chip that allows information to be 
stored and retrieved by a microprocessor or controller. 
The information may be stored and retrieved in any 
order, and all storage locations are equally accessible. 


RAM DISK — A “phantom” disk drive created by 
setting aside a section of RAM as if it were a group of 
regular sectors. Access to RAM disk data is extremel 
fast, but is lost when the system is reset or turned off 


READ AFTER WRITE — A mode of operation 


requiring that the system read each sector after data is 
written, checking that the data read back is the same 
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as the data recorded. This operation lowers system 


speed but raises data reliability. 


READ VERIFY — A data accuracy check performed 
by having the disk read data to the controller, which 
then checks for errors but does not pass the data on to 
the system. . 


READ/WRITE HEAD - The tiny electromagnetic 
coil and metal pole piece used to create and read back 
the magnetic patterns (write or read information) on 
the disk. Each side of each platter has its own read/ 
write head. 


REMOVABLE DISK — Generally said of disk drives 
where the disk itself is meant to be removed, and in 
particular of hard disks using disks mounted in 
cartridges. Their advantage is that multiple disks can 
be ek to increase the amount of stored material, and 
that once removed, the disk can be stored away to 
prevent unauthorized use. 


ROM -— Read-Only Memory. Integrated circuit 
memory chip containing programs that can be 
accessed and read but can not be modified. 


ROTARY ACTUATOR - The rotary actuator 
replaces the stepper motor used in the past by many 
hard disk manufacturers. The rotary actuator is 
perfectly balanced and rotates around a single pivot 
point. It allows closed-loop feedback positioning of 
the heads, which is more accurate than stepper __ 
motors. 


ROTATIONAL LATENCY -— The delay between 
when the controller starts looking for a specific block 
of data on a track and when that block rotates around 
to where it can be read by the read/write head. On 
average, it is half of the time needed for a full rotation 
(about 8 ms.). | 


S 


SCSI — Small Computer System Interface. An 
interface designed for Apple Macintosh systems and 
UNIX workstations. | 


SECTOR — On a PC hard drive, the minimum 
segment of track length that can be assigned to store 
information. On Macintosh and UNIX drives, sectors 
are usually grouped into blocks or logical blocks that 
function as the smallest data unit permitted. Since 
these blocks are often defined as a single sector the 
terms block and sector are sometimes used 
interchangeably in this context. (Note: The usage of 
the term block in connection with the physical 
configuration of the disk is different from its meaning 
at the system level. See also block and cluster for 
comparison.) a 
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SEEK — A movement of the disk read/write head to a 
specific data track. 


SERVO DATA — Magnetic markings written on the 
media that guide the read/write heads to the proper. 
position. 


SERVO SURFACE — A separate surface containing 
only positioning and disk timing information but no 
data. 


SETTLE TIME — The interval between the arrival of 
the read/write head at a specific track, and the 
lessening of the residual movement to a level sufficient 
for reliable reading or writing. 


SHOCK RATING - A rating, expressed in “G’s”, of 
how much shock a disk drive can sustain without 
damage. 


SOFT ERROR -— A faulty data reading that does not 
recur if the same data is reread from the disk, or 
corrected by ECC. Usually caused by power 
fluctuations or noise spikes. 


SOFT-SECTORED -— Old time-based method of 
indicating the start of each sector on a disk. Soft- 
sectored drives require that location instructions be 


located in the data fields. (See also Aard-sectored.) 


SPINDLE -— The drive’s center shaft, on which the 
hard disks are mounted. A synchronized spindle is a 
shaft that allows two disks to spin simultaneously as a 
mirror image of each other, permitting redundant 
storage Seda 


SPUTTER -— A special method of coating the disk 
that results in a hard, smooth surface capable of 
storing data at a high density. Quantum disk drives 
use sputtered thin film disks. 


STEPPER -— A type of motor that moves in discrete 
steps with each electrical pulse. Stepper were 
originally the most common type of actuator engine, 
since they can be geared to advance a read/write head 
one track per step. However, they are not as fast, 
reliable, or age as the voice coil actuators found in 
Quantum disk drives. (See also voice coil.) 


SUBSTRATE — The material underneath the 

magnetic coating of a disk. Common substrates 

jncfudde aluminum or magnesium alloys for hard 

ses glass, for optical disks, and mylar for floppy 
isks. 


SURFACE — The top or bottom side of a disk, which 
is coated with the magnetic material for recording 
data. On some drives one surface may be reserved for 
positioning information. 


T 


THIN FILM - A type of coating allowing very thin 
layers of magnetic material, used on hard disks and 
read/write heads. Hard disks with thin film surfaces 
can store greater amounts of data. 


TPI — Tracks Per Inch. The number of tracks written 
within each inch of disk’s surface, used as a measure of 
how closely the tracks are packed on a disk surface. 
Also known as track density. 


TRACK — One of the many concentric magnetic 
circle patterns written on a disk surface as a guide for 
storing and reading data. Also known as channel. 


TRACK DENSITY — How closely the tracks are 
packed on a disk surface. The number is specified as 


tracks per inch (TPI). 
TRACK-TO-TRACK SEEK TIME — The time 


required for the read/write heads to move to an 
adjacent track. 


TRANSFER RATE -— The rate at which the disk 
sends and receives data from the controller. The 
sustained transfer rate includes the time required for 
system processing, head switches and seeks, and 
accurately reflects the drive’s true performance. The 
burst mode transfer rate is a much higher figure that 
refers only to the movement of data directly into 


U 


UNFORMATTED CAPACITY — The total number 
of usable bytes on a disk, including the space that will 
be required to later to record location, boundary 
definitions, and timing information. (See formatted 
capacity for comparison.) 


USER-ACCESSIBLE- The area of the medium that 
can be read from or written to by READ and WRITE 


commands. 


Glossary 


V 


VOICE COIL -— A fast and reliable actuator motor 
that works like a loud speaker, with the force of a 
magnetic coil causing a proportionate movement of 
the head. Voice coil actuators are more durable than 
their stepper counterparts, since fewer parts are 
subject to daily stress and wear. Voice coil technology 
is used in all Quantum drives. 


VOLATILE MEDIUM- Medium that may not 
retain data written to it for a subsequent read 
operation through a power-on condition. An example 
ar chs is a silicon memory device that loses data 
written to it if device power is lost. 


W 


WEDGE SERVO — The position on every track that 
contains data used by the closed loop positioning 
control. This information is used to fine tune the 
position of the read/write heads exactly over the track 
center. 


WINCHESTER DISKS — Former code name for an 
early IBM hard disk model, sometimes still used to 
refer to hard drives in general. 


_ WRITE ONCE — An optical disk technology that 


allows the drive to store and read back data, but 
gaia the drive from erasing information once it 
as been written. 
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abbreviations 1-1 

ACTIVE NOTCH 6-69 

actuator lock 5-6 

air filtration 5-7 

AIRLOCK 2-2, 5-6 

ALTERNATE SECTORS PER ZONE 6-82 

ALTERNATE TRACKS PER VOLUME 6-82 

ALTERNATE TRACKS PER ZONE 6-82 

AUTO SHUTDOWN TIME 6-70 

AUTOMATIC READ REALLOCATION 
ENABLED 6-60 

Automatic Shutdown Control 6-70 

AUTOMATIC WRITE REALLOCATION 
ENABLED 6-60 

Average rotational latency 2-1, 4-2 

Average seek time 2-1 
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BLOCK DESCRIPTOR LENGTH 6-81 
Buffer Empty Ratio 6-63 
byte interleaving 5-12 
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Cache Control 6-65 
CACHE ENABLE 6-71 
Canadian Standards Association 16 
clean room 5-1 
connector 
DC power 3-11, 3-16, 3-17 
SCSI 3-14, 3-17 
connector, SCSI 3-11, 3-14, 3-17, 6-136 
connectors 6-85 
CORRECTION SPAN 6-61 
cross-check and ECC bytes 5-11 
CYLINDER SKEW FACTOR 6-82 
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DATA BYTES PER PHYSICAL SECTOR 
6-82 
Data-transfer rate 4-2, 5-8, 6-31 
DCR—DISABLE CORRECTION 6-59 
defect management 5-16 
DEFECT-HANDLING FIELDS 6-82 
defective sectors 5-16, 6-82 
DELAY OF DISCONNECTION 6-73 
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drive external 3-1 
Direct-Access Device Format 6-64 
Direct-Access Device Format Parameters 6-8 1 
DISABLE DISCONNECTION 6-73 
DISABLE IDENTIFY IN 6-72 
DISABLE IDENTIFY OUT 6-72 
DISABLE RESELECTION TIMEOUT 6-73 
DISABLE TRANSFER ON ERROR 6-59 
DISABLE UNIT ATTENTION 6-73 
DisCache® 5-9, 5-10, 6-31 
Disconnect/Reconnect Control Parameters 
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ECC 5-11 
ECC on-the-fly 5-11 
ENABLE EARLY CORRECTION 6-60 
enable parity 3-3, 3-4 
ENDING BOUNDARY 6-69 
error detection and correction 5-11 
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